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DNA Microarray-Based Detection of Waterborne Viruses 
ABSTRACT 
Viruses can be transmitted through and contaminate waters causing waterborne 
epidemics to humans and animals. There is insufficient understanding about how viruses 
survive in the environment, and to what extent this may differ between agents or in the 
co-presence of other micro-organisms. The limited data makes it difficult to determine 
the risks of viruses and this hinders the preparation of preventative plans against viral 
transmission through the waters. This project sought to establish a DNA microarray- 
based approach to detect and differentiate between viruses in environmental waters, to 
provide a sensitive, specific and rapid system for monitoring virus contamination. Such a 
system might provide data not only for improved predictions of the outbreak of diseases 
but may lead to the effective modelling of virus re-circulation through the environment. 
The Picornaviridae virus family was the focus of this project. 152 specific microarray 
probes were designed after using 'ClustaIX' software to multiply align the respective 
virus sequences and conducting 'BLASTN' similarity searches to estimate their 
specificity. Standard and multiplex RT-PCR amplification of viral nucleic acids with 
direct incorporation of fluorescent Cy-dyes was combined with the DNA microarray 
hybridization technique to identify the virus composition of test and environmental 
samples. The microarray data was normalised and ranked using a range of statistical 
methods. After the development of appropriate detection criteria using pilot studies with 
known input virus samples the experimental and statistical process was applied to 
detection and identification of viruses within environmental samples. Following tests on 
a range of different techniques for RNA extraction, amplification and labelling the 
following optimal procedure was adopted: following the concentration of virus particles 
by acetone precipitation, RNA from the environmental samples was extracted using the 
'QlAamp Viral RNA Mini Kit'; following olio-dT-primed cDNA synthesis, the 
'Genomiphi V2 DNA Amplification Kit' was used to randomly amplify the cDNA; the 
DNA was then directly labelled by incorporating Cy-dyes in a PCR reaction with 
multiple virus-specific primers. A sewage sample was provided by the Reading HPA 
Envirom-nental Virology Unit for testing in this project; they had identified a number of 
viruses in this sample by cell culture: Coxsackieviruses B2, B3, B4 and B5 and also 
detected some unknown isolates. The optimised microarray-based method developed in 
this project predicted the presence of the following viruses in the same sewage sample: 
Coxsackieviruses B4 and B3, Bovine Enterovirus, Poliovirus and Hepatitis A virus. Thus, 
while some of the same viruses were detected by the microarray, a range of other viruses 
were also detected, using relatively stringent statistical thresholds. The microarray-based 
detection system appears to have broader specificity, and possibly sensitivity, than the 
cell culture-based approaches and importantly, is potentially able to direct non-cultivable 
and non-viable viruses in a water sample. These findings, coupled with the rapid nature 
of the technique, suggest that micorarrays, could, in the future, provide a superior 
alternative to cell culture-based methods for detection of waterborne viruses. 
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dNTP 2'-deoxyNucleotide 5'-TriphosPhate 
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FMDV Foot-and-Mouth Disease Virus 
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RT Reverse Transcriptase 
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CHAPTER 1: GENERAL INTRODUCTION 
1 General introduction 
One of the most precious resources in the world could be water, but it is also the agent by 
which many infections are transmitted. This includes many viruses that infect the gut and 
which are transmitted by the faecal oral route. Viruses such as Astrovirus, Enterovirus, 
Hepatitis A virus (HAV), Norovirus (NoV), Rotavirus (RV) and Adenovirus (AdV), have 
caused large waterbome illnesses amongst humans and animals (Hafliger, 1997). Many 
different viruses could be shed from the gastro -intestinal tract of infected humans or 
animals and these would usually enter the sewage system or the surface water directly 
(Hurst, 1991) and there are more that could be shed from livestock which may enter 
water by agricultural run-off. However there is comparatively little data of the occurrence 
of many of these viruses detected through screening, only a few human viruses are 
routinely examined, and there is virtually no data on the occurrence of animal virus 
strains. Therefore the importance of viral transmission by water is probably 
underestimated (Bloch, 1990). Currently, there are gaps in our knowledge of levels of 
contamination by different viruses, the locations at which it may occur and risks posed by 
various sources through the year such as climate and rainfall. We do not fully understand 
how viruses survive in the environment, to what extent this may differ between agents 
and between different environmental niches or in the co-presence of other 
microorganisms. The limited data on viral occurrence in water is compounded by a lack 
of information on the infectious capacity for many of these viruses, and thus risk 
assessment is fraught with difficulty. In the face of these questions, it would seem 
appropriate to develop a responsive and rapid system for investigating contamination by 
multiple viruses that might not only detect contaminated water but also provide data for 
the effective modeling of virus (re)circulation through the envirom-nent. 
This project seeks to address these issues by developing a microarray technique in 
combination with multiplex PCR amplification to investigate the presence of multiple 
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waterborne viruses simultaneously. In order to approach the design of these arrays we 
require firstly a basic understanding of the viruses that are likely to be present, the 
potential routes for their circulation through water in the environment and the 
significance that should be attached to their detection. Finally we need to understand the 
features of these viruses by which they may be detected and identified and how 
microarrays might exploit these features in a more broadly applicable test system than 
detection methods currently in use. 
1.1 Significance of waterborne viruses 
Viruses are able to spread from person to person via three routes: direct person to person 
contact is the most obvious route, but endemically, viruses have the capability to be 
transmitted through food and/or waterborne means (Reviewed by Carter, 2005). But even 
so waterborne infection is probably a relatively common event. The worst affected areas 
are in poor and third world countries where clean water is in short supply, but even in the 
developed world infection by enteric viruses is frequently linked with exposure to 
contaminated recreational water in rivers, lakes and around the shoreline (William, 2000). 
Filter feeding mollusk shellfish grown in estuarine waters concentrate particulate matter 
from their environment and despite many years and much regulation surrounding 
shellfish hygiene; these remain the most commonly identified food vehicle of infection 
(reviewed by Carter, 2005). This further supports the concept that water contamination 
by viruses is widespread and common. 
Virus contamination has also been spread by salad crops and soft fruits which may have 
been irrigated or sprayed with contaminated water during their growth. Hepatitis A is 
frequently spread this way and in 2006 a multistage outbreak occurred in the USA where 
virus was spread by green onions (scallions). Since multiple strains of virus were 
involved, it would seem that these plants had been contaminated by exposure to sewage 
or wastewater rather than from human transferred infection (reviewed Carter, 2005). The 
cost of tracing and medical treating of the contamination could be very high. For 
example, there was a single outbreak of HAV involved in 5,000 people in Colorado, thus 2 
in this case the costs to treat those people medically amounted to approximately $50,000, 
not to mention the cost of tracing and controlling this single outbreak, which cost over 
half a million US$ (Dalton, 1996). It is not obvious what a 'safe' level of viruses in water 
might be. Vast numbers of animals (birds, reptile, insects etc), which intermittently 
access water, will undoubtedly shed viruses while drinking, swimming etc. However, 
little is known about the range of viruses at large, their circulation in water environments 
or the likelihood of their transmission through animals. More recently avian influenza 
has been observed to survive for long periods in lake water at low temperature and this 
could be instrumental in the transmission of avian influenza between migratory birds 
using the same stopping-off points. 
Finally waterborne viruses are naturally a source of infection for water-dwelling animals 
and as such have had a significant impact on aquaculture. Organisms such as shrimp 
(especially in Asia, South America and Gulf of Mexico), and saltwater (turbot), 
freshwater (trout), and migratory (salmon) fishes are also at the risk of virus infection. 
The most significant shellfish-bome viral infection event took place in Shanghai, where 
292,301 cases were infected by consumption of contaminated clams (Halliday, 1991). 
International trade in harvested shellfish can spread the infection around the world 
(Carter, 2005). This technology might one day be applicable to water quality monitoring 
in aquaculture applications or in tracing viruses spread through trade in aquatic species. 
In developing microarray technology to detect viruses in water, it was necessary to 
establish a test system to provide useful information in order to be comparable with 
existing detection technologies. In order to meet these criteria, it was decided that the 
first system developed should concentrate on the Picornaviridae, a family of RNA 
viruses that includes many examples of both human and animal enteric virus. The work 
could subsequently extend to include DNA and dsRNA viruses. 
1.2 The initial virus target for this project - Picornaviridde 
One of the reasons of that Picornaviridde particularly Enteroviruses are prevalent in 
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polluted water is that, in nature, they have many advantages for transmission compared 
with other viruses. The virus particles are very stable under a wide range of 
environmental conditions, such as pH, temperature, and salinity (Keswick, 1984; 
Piirainen, 1998). They can retain their infectivity for a long time in soils, biological 
specimens, and aquatic environments, including the marine environment. The family of 
the Picornaviridae is grouped into nine genera (Picornavirus Sequence Database, 
http: //www. iah. bbsrc. ac. uk/virus/Picomaviridae/SequenceDatabaseý, which comprise the 
Enterovirus, Aphthovirus, Hepatovirus, Cardiovirus, Kobuvirus, Parechovirus, Erbovirus, 
Teschovirus, and Rhinovirus (RVs) (Table 1.1). Waterborne spread is possible for all of 
these viruses except the Rhinoviruses which predominantly infect the respiratory tract. Of 
the remainder the human and animal Enteroviruses (which include Poliovirus) and the 
Hepatoviruses (including HAV) are probably the most significant items of numbers and 
clinical significance. These will be discussed in more detail below. 
The human Enteroviruses (EVs) comprise more than 60 distinct serotypes. EVs have a 
rather featureless appearance under the electron microscope and include the Echo, 
Coxsackie and Polioviruses. In general infections are mild or even asymptomatic and a 
single infection results in lifelong immunity. Unfortunately all these viruses have the 
ability to cause meningitis, and in extreme cases may cross to the spinal cord and even 
ascend to the hindbrain. In these tissues the virus replicates in the motor neurons and 
induces a flaccid paralysis when innervations of the muscles are destroyed. Historically 
the Poliomyelitis has been most significant. In 1916 a single epidemic of Poliovirus left 
9,000 children less than 5 years old paralyzed in New York (Wyatt, 1978). Poliovirus 
attracted much attention and was for many years the standard virus of molecular 
virology. 
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Table 1.1 Classification of Picornaviridae 
PICORNAVIRIDAE GENUS PICORNAVIRIDAE SPECIES 
Poliovirus (PV) 
Human Enterovirus A (HEV-A) 
Human Enterovirus B (HEV-B) 
Human Enterovirus C (HEV-Q 
ENTEROVIRUS Human Enterovirus D (HEV-D) 
Bovine Enterovirus (BEV) 
Porcine Enterovirus A (PEV-A) 
Porcine Enterovirus B (PEV-B) 
Simian Enterovirus A 
Equine rRinitis A virus (ERAV) 
APHTHOVIRUS Foot-and-Mouth Disease Virus (FMDV) 
Avian Encephalomyelitis-Like Virus 
HEPATOVIRUS Hepatitis A virus (HAV) 
Encephalornyocarditis Virus (EMCV) 
CARDIOVIRUS Theilovirus (ThV) 
Aichi Virus (AiV) 
KOBUVIRUS 
PARECHOVIRUS 
Bovine Kobuvirus (BKV) 
Human Parechovirus (HPeV) 
Ljungan Virus (LV) 
ERBOVIRUS Equine Rhinitis B virus (ERVB) 
TESCHOVIRUS Porcine Teschovirus (PTV) 
RHINOVIRUS Human Rhinovirus A (HRV-A) 
Poliovirus were the first animal viruses to be purified and obtained in crystalline form 
and poliomyelitis (caused by Poliovirus) was among the first human and animal diseases 
found to be transmissible by a pure RNA molecule. The virus exists as three serotypes 
and immunity to all three is required for complete resistance. This was the first anti-viral 
vaccine developed and since the introduction of vaccines in the late 1950s and early 
1960s, much of the developed world is now virtually free of Poliovirus disease and in 
many developing countries, eradication programs have made dramatic progress (CDCP: 
Centers for Disease Control and Prevention, U. S. A; 1997). However the vaccine is not 
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without its problems since it is known to revert to neuro-virulence within a single 
vaccinated individual (Georgescu, 1995), and this has been reported to induce paralytic 
poliomyelitis (Georgescu, 1995) and has also been implicated in chronic fatigue 
syndromes (Muir, 1993). From the above quotes we can assume that the inclusion of 
Poliovirus in a test array is likely to be useful to use as a benchmark for examination of 
water contamination. Poliovirus grows well in laboratory cell cultures such as Hela and 
is not usually associated with diarrhoeas symptoms in humans. 
There are some serious and widespread diseases associated with the viruses belonging to 
the Picornaviridae including acute hemorrhagic conjunctivitis, caused by Coxsackie 
A-24 virus and Enterovirus 70; Bornholm disease (pleurodynia), caused by virus 
Coxsackie B; Infections meningitis or myocarditis caused by Coxsackie B type or 
Echovirus type 6, which were causative agents of aseptic meningitis in Korea in 1997 
and 1998, respectively (Lee, 2002). There are also the well known diseases such as 
Poliomyelitis or Hepatitis A diseases caused by Poliovirus or Hepatitis A virus (HAV). 
Foot and mouth animal disease is caused by Foot-and-Mouth Disease Virus (FMDV), 
which also belongs to Picornaviridae. 
1.2.1 Animal strain: Bovine Enteroviruses (BEV) 
Animal viruses belonging to this group infect many species. In order to develop the test 
system it was decided to concentrate on Bovine Enterovirus. This virus has been found in 
cattle worldwide. BEV usually causes asymptomatic infections with healthy animals as 
carriers. However it has also been associated with miscarriage, stillbirth and infertility in 
bulls. Occasionally in calves the virus can cause diarrhoea. BEV is released in the faeces 
of infected animals. BEV was found in faeces from 76% of cattle, 38% of white-tailed 
deer in Canada (Cooper, 1984). Such viruses are likely to be present in agricultural 
run-off, which does not usually run through sewage treatment plants. BEV has been 
found in the water obtained from animal watering tanks, from the pasture, from streams 
running from the pasture to an adjacent river, and from the river, which emptied 
into the 
Chesapeake Bay (Ley, 2002). Furthermore, BEV was found in oysters collected from that 
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river downstream from the farm. Despite this clear evidence that the virus can be 
transmitted through water, virtually nothing is known of its distribution in the UK and the 
significance of water borne BEV in relation to diseases of livestock or other animals. 
There are no checks on its circulation through the environment. Consequently it was felt 
that inclusion of this agent should offer a high probability of detection coupled with 
useful information on virus distribution. 
1.2.2 Hepatoviruses including HAV 
HAV was formerly classified as an Enterovirus but was subsequently reclassified to a 
new genus: Hepatovirus (along with Avian Encephalomyelitis-Like Virus). HAV, a major 
cause of infectious hepatitis in humans, is normally shed in the faeces of infected people 
and has a worldwide distribution in both epidemic and sporadic fashions. HAV can 
produce clinical disease when susceptible individuals consume contaminated water or 
foods. On November 26,1990, HAV was diagnosed in an employee of a restaurant in 
Cass County, Missouri. From December 7,1990 through January 9,1991, HAV was 
diagnosed in 110 people, including four waitresses, who had eaten at the restaurant; two 
people died as a result of fulminate hepatitis. In the U. S. A, it has been reported that every 
year there are bout 22,700 cases of HAV representing 38% of all hepatitis (Hall, 2005). 
In developing countries, the incidence of disease in adults is relatively low because of 
exposure to the virus in childhood leads to lifelong immunity. However in the developed 
world sera-positive adults are less common; in UK, water sanitation has decreased the 
general incidence of this virus so that up to 90% of the population may have never 
encountered the virus (Carter, 2005). This means that there exists the potential for a 
large-scale outbreak. There is a vaccine for HAV but its use is not so widespread and 
infections continue. The Centres for Disease Control (CDC, U. S. A), estimates 267,000 
cases occurred on average per year between 1987 and 2001, most were mild or symptom 
free but 10-30,000 acute cases were registered annually. The infection is usually cleared 
but convalescence may be prolonged (8-10 weeks) and some 15% of HAV cases may 
follow a relapsing course over 12 months or more (Hall, 2005). The infectious dose is 
unknown but presumed to be of the order of 10- 100 virus particles. HAV can 
be cultured 
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in FRhK-4 cells but this is slow and difficult, especially for primary isolated with the 
result that such testing is not routinely performed. Hepatitis A virus is more severe if 
contracted as an adult and in the UK the bulk of the adult population are sera-negative 
and thus sensitive to infection. Consequently it is desirable to monitor the distribution of 
this virus through surface waters. 
1.2.3 Kobuviruses 
These are relatively newly characterized virus of Aichivirus, which unusually amongst 
the Picornaviruses bear surface projections on the particle. This group of Kobuviruses is 
also including the animal virus: Bovine Kobuvirus (BKV). A ichivirus can be grown in the 
laboratory using Vero cells (Yamashita, 1993). 
1.2.4 Aphthoviruses: including Foot-and-Mouth disease virus (FMDV) 
Foot and mouth disease virus belong to Aphthovirus Genu in Picornaviridae, 
characterized by vesicles and erosions in the mucosa of the mouth and skin of the 
inter-digital spaces and coronary bands. They are ss-positive sense RNA genome (7.5kb) 
with 27-30mn size and icosahedral structure. They have 7 serotypes: A, B, C, Asia 1, 
SAT-1. SAT-2 and SAT-3. They are the most important single pathogen of livestock, 
endemic in America, Africa and Asia. Britain was FMDV-free until major outbreaks in 
UK in 1967 to 1968 and in 2001 (Island of Moen, 2001). The virus most commonly 
infects via the respiratory route (also breaks in skin), causing acute, highly contagious 
infection of cloven-hoofed animals. They initial replication in pharynx; spreads to variety 
of tissues (glandular organs, lymph glands). Lesion development on mouth and feet; 
mammary glands in females also the virus localizes in heart in young. The mortality rate 
in adults is 5%, while in young up to 90%. FMDV outbreak can cause tremendous 
financial losses. In 1967 to 1968, more than 2000 outbreaks cost UK more than f 150 
million. The 2001 UK outbreak was detected on February 19 in pigs in Essex abattoir 
(originated in Northumberland). On October 7 th , 
3,902,000 animals had been slaughtered 
and 3,000 were awaiting slaughter. They had been identified as serotype Panasia strain, 
suspected to come from Asia in infected animal products to north of England. 
The 2001 
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outbreak estimated cost is at least E9 billion; 2030 confirmed cases, 4,073,000 animals 
slaughtered. The current vaccine is inactivated whole virus. The problem of the 
vaccination is the need for 7 days to get protection and the vaccinated animals still 
become infected which make the distinguishing between vaccinated and infected animals 
difficult. In view of the significance of these viruses it would be essential to include these 
agents in any general array. The probes for the detection of FMDV virus had been 
designed, however according to the time and money limitation, they were not printed on 
the array at the first stage, would be considered in the future work. 
1.2.5 General features of the Picornaviridae 
The viral capsid is composed of 60 copies of four capsid proteins. The genome is a linear, 
single-stranded RNA of approximately 7.2-8.5kb nucleotides in length and of positive 
sense (Stanway, 1990). Viruses in this family are naked isometric particles approximately 
28nm in diameter. All except the Kobuviruses are smooth and featureless under the 
electron microscope. Their capsids are constructed from 3-4 species of protein molecule 
(Hogle, 1985; Rossmann, 1989) and enclose the single stranded RNA genome. This is a 
single molecular of mRNA which is polyadenylated at the 3'-end and bears a protein 
attached covalently at the 5'-end. It is comprised of three primary regions: a 5'- 
non-translated region (about 10% of the genome) that is covalently linked to a small, 
virus-encoded protein termed VPg; a single large open reading frame that encodes all 
viral proteins joined end to end and a 3'-nontranslated region about 80-120 residues in 
length which is followed by a poly-(A) tract (Figures 1.1 and 1.2). The arrangement of 
genes along the large open reading frame is the same in all Picornaviridde. This is useful 
because the best conserved region (which encodes the RNA dependent RNA polymerase) 
is located at the 3'-end. This region is relatively easily amplified using primers designed 
from the conserved regions of the protein and the poly-(A) tail present in all viruses at 
the 3' terminus. The RNA dependent RNA polymerase possesses the conserved amino 
acid motif 'YGDD', which is a crucial character for the project design. It should thus 
be 
possible to achieve a fairly uniform amplification of any Enteroviruses without needing 
to know the exact sequence of the viruses present. Such a pan-reactive PCR would 9 
generate products from all viruses present which could then be identified using the power 
of the microarray. 
5'UTR Structural proteins YUT R 
vpg-[ A(R) .: 7 . 7ý 
No n -: at r uct u ral p rotei ns 
Figure 1.1 General genome structure of Picornaviridae 
S'UTRVP4VP2VP3VP12A2B2C3A3B3C3D3'UTR 
Figure 1.2 Sequence structure represented by Bovirus Enterovirus 
1.3 Other viruses frequently appear in the environment 
Although Enteroviruses are certainly common in water, they are not the only viruses 
found there or of significance in human disease. The other major water-borne agents 
comprise the Human Astroviruses (HAstV), Adenoviruses (AdV), Norwalk-like viruses 
(NIV), Hepatitis E virus (BEV), and the Rotavirus (RV), which are responsible for a 
large number of waterborne epidemics (Hafliger, 1997) and causing sporadic and 
epidemic human diseases. The viruses causing gastroententis include HAst Rolavirus,, 
Enteric Adenoviruses,, and Norwalk-like viruses. 
1.3.1 Astroviruses 
Astroviruses,, unclassified single-stranded RNA viruses infecting humans associated with 
gastrointestinal diseases, have been known since 1975. They were initially identified in 
fecal samples from young children suffering fi7om nausea and diarrhea. Astroviruses are 
often associated with mild disease,. and asymptomatic infections are not uncommon. 
Astroviruses are the second most commonly identified virus in symptomatic children 
(Herrmann, 1991) and account for 5% of US hospital admissions for diarrhea, almost 
entirely of children (Ellis, 1984). In Japan, 1500 older children and teachers were 
affected in a widespread food-borne outbreak of RAstV type 4 has been reported (Oishi, 10 
1994). Astroviruses are rounded particles with a smooth margin and can be recognized by 
their small size (28nm. in diameter) and star-shaped surface. In their centers they may 
bear a5 or 6 pointed 'star' motif from which they are named (Astron- a star). Their 
single-stranded positive-sense RNA genomes are similar in size to those of 
Picornaviruses, and contain four structural proteins. There are 8 serotypes (HAst 1-8) in 
the Human Astroviruses. In the childhood of age of 7 year old, types I and 2 are normally 
found causing 50% of children are sera-positive for type I (Lee and Kurtz, 1982). 
Serotypes 4 and above normally not occur until adulthood. As Astrovirus appearance is 
variable, showing surface projections, the detection often relies on EM (Willcocks, 1990). 
But sometimes, they may be frequently mistaken for small round (e. g. Parvovirus) like 
agents (Willcocks, 1991) and even for NoVs (Madore, 1986). There are 5 probes 
designed during this work according to 3 human Astrovirus serotypes and 2 animal 
Astrovirus. Those 5 probes are printed on this microarray as a reference, but are not the 
main focus of this project as they are the viruses normally contaminating food not water, 
and also have different genome structure from Picornaviruses. 
1.3.2 Adenovirus 
Adenoviruses are frequently found in faeacally-polluted waters and have been identified 
in shellfish (Girones, 1995). Outbreaks are commonly associated with exposure to 
polluted water, particularly through recreational use, e. g. inadequately chlorinated 
swimming pools (Crabtree, 1997). There are 47 serotypes of Adenovirus; all are large 
icosahedral DNA-containing viruses. About 30% of the serotypes are pathogenic in man; 
most are primarily upper respiratory tract pathogens spreading primarily via droplets. 
Only types 40 and 41 that induce gastroenteritis and shed in large numbers have been 
found in tap samples (Lee, 2002). Adenoviruses were infrequently detected in the 
presence of Enteroviruses, however, the survival rate of Adenoviruses is higher than that 
of Enteroviruses (Irving, 1981). Other waterborne viruses are not generally associated 
with gastroenteritis. Adenoviruses currently are not included in this project because of the 
time and finance limitation, but would be very interesting to include them in the 
future. 
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1.3.3 Noroviruses (NoV) 
NoV is the most significant cause of infectious intestinal disease in the developed world. 
NoV was first identified following an outbreak of enteric illness amongst adults in the 
town of Norwalk, Ohio. Although samples were first collected in 1968, viruses were not 
clearly identified until 1972 when antibody was used to clump the particles (Kapikian, 
1972). Sequence analysis of this gene divides the NoV into 2 geno-groups; group I 
exemplified by Norwalk itself and group 2 by Hawaii Virus (reviewed by Clarke, 200 1). 
Recently geno-group 2 has been more common in the UK. Traditionally infections occur 
more commonly in winter, giving rise to its former name 'winter vomiting disease'. 
However since 2002 a new variable of NoV has emerged termed geno-group 11 genotype 
4 viruses. This has shown a peak of infection more towards the summer months although 
it appears to be shifting back towards the colder periods as the year's progress. NoV 
differs from other agents of gastroenteritis in three ways: Firstly it causes disease in 
adults (teenagers and above), thus making NoV the most significant diarrhea virus in 
terms of working or education days lost. Secondly, it induces a high level of explosive 
projectile vomiting that may be the first obvious sign of infection. Thirdly, although there 
are probably multiple serotypes of NoV, immunity to all seems to be short lived. Thus 
individuals may be protected for only a few months following an infection before they 
become infectable once more by the same virus (Parrino, 1977, reviewed by Cater, 2005). 
In the first stage, this virus is not going to be detected in this project, mainly two reasons: 
The first one is that there are already lots of studies and documents about the NoV. The 
other one is that the structure of this NoV lacks the 3' poly-(A) tail, which would make 
the detection complex, especially for the primer design, as it is quite different from the 
Picornoviridea with poly-(A) tails. 
1.3.4 Hepatitis E Virus (HEV) 
HEV was identified as a new agent in 1990 (Reyes, 1990) termed as the 'hepatitis E-like 
viruses' (Green, 2000). HEV is rare in the developed world with cases limited to travelers. 
Epidemics of HEV are known, often spread by contaminated water; the worst cases 
involved 100,000 in Xinjiang Uighar, China in 1986, and 79,000 in Kanpur India in 1991 
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(Scharschmidt, 1995). HEV enter via and replicate in the gut, and move rapidly to the 
liver and invade the hepatocytes. HEV has similar clinical features with HAV, but is more 
severe and may have a fatality rate of 20-40% in late pregnancy. HEV has a longer 
incubation period (60 days) than HAV (48 days) (Clayson, 1995). Their long incubations 
make identification of the source of infection problematic. HEV also replicates in pigs 
(Balayan, 1990) and has been found in both wild and domestic cows, goats and pigs 
(Clayson, 1995). Replication also occurs in laboratory rats (Maneerat, 1996). These 
findings mean that animals might act as reservoirs for infection (Wu, 2000). 15% of 
homeless persons in Los Angeles had antibody to HEV, possibly through contact with 
infected urban rats (Smith, 2002). Similarly HEV has been detected in sewage from areas 
in which clinical disease is absent (Pina, 1998). HEV had not been included in this 
microarray, as it is very rare in the developed countries, which would not been easily 
found in UK. However, as it causes serious disease to humans and animals, it would be 
included in the future if possible. 
1.3.5 Rotaviruses 
Rotaviruses are large RNA-containing viruses belonging to the Retoviridde. Particles are 
readily visible and distinctive in the EM (Electronic Microscope) where the outer layer of 
the capsid can appear like the spokes of a wheel from which the virus is named (rota- a 
wheel). Viruses are shed in extremely high numbers (perhaps over 109/g of stool) and 
diagnosis is a relatively simple matter. Virus is readily detected by direct examination 
by 
EM (Moosai, 1984), antibody based bead-agglutination or ELISA (Enzyme-Linked 
Immunosorbent Assay) systems. Rotaviruses account for some 3.5 million cases of 
diarrhoea in the United States each year equating to 35% of hospital admissions for 
diarrhoea (Ho, 1988). Approximately 120 children die each year in the USA from this 
virus and fatalities in the undeveloped world may amount to millions 
(Walsh, 1979). 
Rotaviruses occur in 5 groups (A to E) and are divided into serotypes 
based on their 
surface-exposed proteins. Only groups A-C 
infect humans. Group A is by far the most 
common with sporadic episodes, with 
14 types of VP7 and approximately 20 of VP4. 
Group B and Group C is limited largely to China. 
Only group A viruses can be cultured, 
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these are grown in Ma104 cells. Rotaviruses are not included in this project either, 
because their identification is not difficult and normally they could be identified by EM 
or ELISA. 
1.4 Potential routes of virus circulation through environment water 
There is considerable evidence implicating water as a medium for the transmission of 
viruses pathogenic for vertebrates (Figure 1.3). 
Humans and Animals 
Faeces, Excrement, Trauma and Death 
Land Runoff Sewage II Solid Waste Landfills 
Oceans and Estuariiii. ý! ý;; .......... Rivers and Lake! 5ý 
Groun Water 
. ........ Irrigation 
Shellfish Recreation-] Water Supply Crops or Plants] Aerosols 
Figure 1.3: Potential routes of viruses' circulation through water in the environment (Modified from Metcalf, 1995) 
Most enteric viruses have been detected in wastewater, treated water and receiving 
waters over time. Waterborne outbreaks of enteric virus infection are common; between 
1980 and 1994 the USA recognized 28 outbreaks and 11,195 cases were waterborne 
illness. Of these nearly 400 HAV and most of others were NoV. Sewage is the 
particularly important sources of viruses that contaminate water. Contamination is most 
likely where large populations shed their viruses into a limited receiving system. In most 14 
developed societies human viruses will be introduced directly to the sewage system 
which efficiently combines the viruses shed from many individuals9 constraining their 
path through the environment. Because of the minimal cost, the most convenient disposal 
routes of sewage are into land or water. In Europe sewage is usually treated before the 
wastewater is released, but this treatment mainly is carbon filtration and historically 
untreated discharges have been permitted to rivers, estuaries and offshore outfalls. In 
West Germany, nearly 70% of the total sewage is released into the river Rhine. In USA, 
their waterways receive 22% of sewage after a minimal treatment, and even 5% 
discharged directly (Cooper, 1984). 40% of sewage of Canada's urban population has 
rarely been treated. Villages in almost all developing countries continue to face the 
problem of a shortage of drinking water. When water is scarce, any available water is 
consumed, regardless of its quality; this presents a serious health hazard. These routes are 
increasingly closed due to EU regulation and public pressure. 
The mechanisms of virus inactivation or removal during wastewater treatment are not 
clearly understood and the environment itself probably alters the effectiveness of each 
process. Many viruses survive wastewater treatment to contaminate receiving waters 
giving levels of up to 100pfu per liter if contamination is serious and I-10pfu per 100 
liters where it is less (Scipioni, 2000). Inactivation is often biphasic and a residue of 
resistant virus may survive. This probably represents virus in a protected 
microenvironment e. g. aggregation or combined with materials exerting a protective or 
stabilizing effect (Bidawid, 2000). 
Surface water, is prone to contamination by pathogens and should not be 
directly 
consumed without being treated at the point of use or boiled 
(Blackburn, 2004). 
Although all these viruses are destroyed by boiling, the thermal stability of some 
is 
remarkable. Temperatures above 90'C are required to 
inactivate HAV (Millard, 1987) 
and others suggest I OOOC may be necessary (Croci, 
1999). Even where sewage is treated 
before it is discharged into waterways; such treatment does not always inactivate viruses 
and thus the possibility of transmission even via treated water remains. 
Water treatments 
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lacking a tertiary step (e. g. UV treatment) reduce this load only poorly (Carter, 2005). 
1.4.1 Transmission via (marine) foods 
Any marine organism existing in inshore areas where sewage pollution may be expected 
will be exposed to human viruses, like NoV, HAV and Aichivirus. This is most significant 
in the case of molluscan shellfish, such as oysters, clams, cocktail, oysters and mussels. 
Animal viruses may also contaminate shellfish and both Porcine and BEV were found in 
oysters collected downstream from a farm (Cooper, 1984). Shellfish are filter feeders, 
concentrating their food by filtering out small particles from the water in which they live. 
Thus, in polluted areas they can concentrate viruses to levels much higher (maybe 
100-1000 folds) than the surrounding water and retain them even if levels in their 
envirom, nent fluctuate. This virus concentration is non-specific and any virus present in 
the environment would be concentrated, that the consumption can expose the consumer 
to a cocktail of viruses that might have different effects when present together. 
Furthermore, since many of these animals are consumed raw or lightly cooked, there is 
little opportunity for virus inactivation. Consequently shellfish comprise the most 
significant source of foodbome enteric virus infection. In some studies the risk of 
contracting HAV was equivalent to that of contact with an infected person (Koff, 1967; 
Kiyosawa, 1987). A significant example was the HAV epidemic reported in 1998 in 
China. Nearly 300,000 infection cases were caused by the consumption of faecally 
contaminated shellfish (Halliday, 1991). Salamina and D'Argenio, in 1998, estimated 
that up to 70% of all HAV in Italy was contracted from shellfish. Trade 
in shellfish 
permits long-distance transmission, and viruses retain infectivity well 
in shellfish (no loss 
of infectivity was observed over one month in refrigerated storage) 
(Tierney, 1982), that 
suggests potential for a worldwide outbreak. In 2002, oysters 
from Cork Bay spread an 
infection around the world to Hong Kong (Carter, 2005); and 
in 2004, Chinese frozen 
oysters were implicated in an outbreak in Singapore 
(Ng, 2005). In 1993 a multi-state 
outbreak of NoV illness occurred in the USA affecting up 
to 186,000 people (Berg, 
2000). 
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1.4.2 Recreational water uses 
Viruses surviving water treatment and entering receiving waters could persist and pose a 
risk for recreational users of this water (Gray, 1997; Myint, 1994). Human infection via 
recreational use of water involves activities such as bathing, sailing, surfing and 
swimming and studies have indicated that the risks of infection resulting from 
recreational exposure may be as high as 1/1000 for Adenovirus (Crabtree, 1997) and 
perhaps higher for Rotavirus (Gerba, 1996). When humans come into or contact with 
virus contaminated water, viruses could enter the human body chiefly through 
swallowing via the mouth and nose. Viruses generally cannot pass through the skin, but 
entry via the eyes or skin abrasion is also possible (Ramia, 1985). There are also 
numerous cases of conjunctivitis or pharyngitis probably associated with Adenovirus 
transmission through swimming pools (Cooper, 1984). Freezing does not inactivate these 
viruses, transmission through commercially manufactured ice is documented (Cannon, 
1991), and even skating on virus contaminated ice can result in transmission since ice 
shavings may be thrown onto the skin and into the mouth. In June 2002, an outbreak of 
diarrhoea illness occurred among 38 climbers on Mt. Denali in Alaska; illness lasted a 
mean of 2 days (range: 1-5 days), and the attack rate of climbers was 27% during the 
3-day study period. The suggested origin was the use of faecally contaminated snow as a 
drinking water source (Blackburn, 2002). 
1.4.3 Irrigation waters and risk to produce 
Sewage treatment has two main products; waste water and sludge which is semi-solid 
biological and inorganic matter having diverse origins. The waste water and the slurry 
produced by the sewage treatment Plants may be used for irrigation, especially 
in dry and 
and areas where water is more precious. In California, the municipal wastewater 
from 
240 cities and towns is used each year. 70% to 85% of such water 
is used for agricultural 
and landscape irrigation in some regions (U. S. Environmental 
Protection Agency, 1989) 
Agricultural use of waste water is strongly suspected to present a 
health risk from 
aerosols generated during application. This usage could 
transmit viruses to local people 
via an airborne route: In Israel, 
Enteroviruses have been detected in air 50 meters 
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downwind from sprinklers (Cooper, 1984). HAV are more common in summer when 
waste water sprinkling was practiced than in winter (Katzenelson, 1976). The viruses 
may also contaminate plants and crops, especially fruits and salad vegetable, which will 
be eaten without peeling or cooking. Even subsequent washing may not remove all the 
contamination (Larkin, 1976). Surface splash may be significant for fruits close to the 
ground (e. g. strawberries) and in such locations. 
1.4.4 Animal transmission or carrier 
Waters are also liable to be contaminated with viruses from animal faeces of diverse 
non-human sources. We usually think of such contamination as originating from 
agriculture but pets may also be an important source and these are almost as numerous as 
the human populations. The ratio of dogs to people is 1: 6 in France and 1: 25 in West 
Germany. There are estimated to be more than 30 million dogs in the USA plus a similar 
number of cats (see Table 1.2). 
Table 1.2: The proportion of pets to people (modified from Cooper, 1984) 
Country Pet Pet population (millions) Human population (millions) Ratio 
France Dog 7.5 51 1: 6 
Cat 7.1 
UK Dog 5.8 55 1: 10 
Cat 4.5 
USA Dog 33-35.4 200 1: 6 
Cat 33.6 
West Germany Dog 2.4 61 1: 25 
Cat 2.3 
Roughly 2000 tons of canine faeces are deposited annually on the side walks of New 
York and these will enter the storm drainage system eventually to emerge 
in rivers the 
domesticated livestock such as ducks congregate thereby providing opportunities for the 
infection of avian as well as mammalian species (Webster, 
1978; Derbyshire, 1978). 
Porcine and BEV Enterovirus have been isolated from 
faecal slurry and are present in 
agricultural run-off or wastewater holding tanks 
(Derbyshire, 1978) from where they may 
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spread through the water system: BEV is probably spread this way and has been found in 
lakes. Numerous Avian Influenza A viruses have been found in bird faeces and bird seem 
an important source of virus pollution. Influenza viruses identified in the same report as 
BEV may have been introduced to the lake directly by waterfowl (Webster, 1978). 
Additionally vaccine-derived Picornaviruses, for example, FMDV or swine vesicular 
disease, probably find their way into surface waters in countries where control of these 
diseases by vaccination is preferred to slaughter. In rural areas the death of infected 
animals may from time to time liberate viruses into surface waters but this is probably 
unusual. A special case relates to the recent FMDV outbreak in the UK which 
necessitated the burial of many thousands of potentially infected carcasses. Stringent 
precautions were taken to eliminate the prospect of FMDV entering water supplies after 
this deep burial. 
1.4.5 Water supply (drinking or tap water) transmission 
Enteric viruses have been found in drinking water (1-20pfu per 1000 liters) (Payment, 
1988) and the presence of 4strovirus RNA in drinking water was correlated with an 
increased risk of intestinal disease (Gofti-Laroche, 2003). In the UK, a large fraction of 
our drinking water is taken by abstraction from rivers. Such waters may contain both 
human and animal viruses and must be cleaned before use. This process starts with 
selection of the abstraction site. It should be obtained from sources as far removed 
from 
potential contamination as possible. Filtration can achieve an initial 10-fold reduction 
with a further 1000-fold achieved by active disinfection (e. g. chlorine, chlorine 
dioxide, 
ozone or UV irradiation). Of these, chlorination is the most common treatment, which 
was originally established for the inactivation of bacteria (Dosti, 2005). 
The treatment 
proceeds in two stages, a peak level exposure designed to destroy microorganisms and a 
much lower or residual level remaining within the distribution network that 
is intended to 
prevent re-growth. The peak levels are usually around 
lmg/l for 60-240min 
(Thurston-Enriquez, 2003) and water entering the US distribution system should have a 
residual level of 0.2mg/l to comply with requirements to control coliform 
bacteria. 
Exposure to disinfectant is expressed by the CT (Contact Time) parameter; concentration 19 
of agent (mg/1) multiplied by time (min). CT values for a4 log inactivation of enteric 
viruses fall in the range of 4mg/min/1- 400 mg/min/l at a contact concentration of 0.4mg/l 
at 5'C. However the rates of virus destruction and thus CT values required are 
temperature dependent, doubling for every IOT rise and potentially defective around 
O'C. Increasing pH6 to pH9 reduces the efficiency of free chlorine threefold, ozone or 
chlorine dioxide are unaffected. Turbidity has the greatest effect shielding viruses from 
UV radiation and promoting aggregation. Increasing turbidity from I to 10 NTU 
decreases free chlorine effectiveness 8 times (Hoff, 1986). 
However, chlorine that has been used traditionally is not always, wholly effective in 
removing viruses (Bitton, 1980). Contaminating viruses might survive this treatment. 
Viruses differ in their sensitivity to chlorine. Poliomyelitis can be inactivated at the 
chlorine final concentrations greater than 2ppm. Rotavirus is inactivated efficiently by 
chlorine (CT 112.5 at 3.75 mg/1) and waterborne infections related to this virus, are 
usually linked to contamination of 'clean' water post treatment (Hopkins, 1984). 
However Enterovirus, HAV, Norovirus and Adenovirus are much more resistant. Some 
reports suggested that Norovirus could easily survive peak level of 6.25mg/l for 30min, 
CT: 187.5 and required 10mg/l for destruction, CT 300mg min/l (Thurston-Enriquez, 
2003). There are several reports to address that viruses may persist despite the residual 
chlorine in drinking water (Gerba, 2002). So virus removal greater than 99-993% is 
required to ensure drinking water safety (Chang, 1968). This high efficiency 
is not 
always easy to achieve. Other water treatments, e. g. iodine, bromine, ozone or ultraviolet 
light (2-300mm) in the presence of photosensitizing dyes, seem more effective against 
viruses resistant to chlorine. Unfortunately, they are not applied routinely on a 
large scale, 
they are more technically demanding to control and in the case of UV treatment more 
expensive to install (Chang, 1968). 
It is not at all clear what an acceptable level of virus contamination might 
be. The US 
EPA recommended that drinking water should not present a risk of 
infection of greater 
than 1: 10,000 per year (Macler, 1993). A study of Adenoviruses estimated that annual 20 
risks of infection via drinking water (assuming average levels of lpfu/1000 L) was 
8.3/10000 (Crabtree, 1997). However these estimations are hard to make: it is difficult to 
titrate some viruses accurately since inefficiency in culture underestimate. The levels 
present; uneven distribution of contamination would cause an uneven risk across the 
country and differences in levels of consumption (Gerba, 1985; Payment, 1997). 
Furthermore, failures in treatment processes themselves can also allow contamination, 
e. g. pressure failure (Kaplan, 1982), insufficient disinfection, or exceptionally high levels 
virus overwhelming a correctly applied procedure (Payment, 1997; Gofti-Laroche, 2003). 
Virus leakage from sewers or septic tanks can contaminate clean water as well (Hedberg, 
1993). In August 1998, a large outbreak of gastroenteritis occurred in Switzerland. More 
than half of the 3500 inhabitants of a village suffered from gastroenteric symptoms. 
Public health authorities detected a high contamination of the drinking water with faecal 
coliforms and a high number of NLV, revealing a defective pump in the waste water 
system. The failure of this pump blocked the sewerage and led to infiltration of sewage 
into the ground water which was collected for drinking water (Hdfliger, 1999). 
Most documented instances of drinking water contamination by viruses have been 
attributed to contamination of previously correctly treated water. This may happen when 
natural disaster, excess rainfall or flood overwhelming treatment works and permitting 
untreated or partially treated sewage to contaminate wells (Cannon, 1991; Kukkula, 
1997), or engineering failure overwhelms the treatment works mixing clean and 
untreated waters (Payment, 1988, Wood, 1993). In 1955, a flood caused the piped water 
supply to become contaminated with sewage, resulting in 30,000 cases of HAV 
in New 
Delhi, India (Viswanathan, 1957). 
Therefore, to ensure the safety of drinking water, a widespread survey of viral pollution 
in drinking water should be carried out for seeking and quantitating a wide spectrum of 
target viruses (Lee, 2002). 
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1.5 Detection surveillance currently in use for water surveillance 
Water surveillance is an important issue for public health and is increased in importance 
in the context of global water shortage. However, the circulation of viruses through the 
system and the levels and risks of exposure for humans (and other animals) is almost 
totally uncharacterized. Presently, little is known of the range of viruses that may be 
liberated, their stability in the environment or their ultimate fate in water. The 
mechanisms of virus inactivation are not clearly understood. The limited data on viral 
occurrence in water makes it difficult to determine the risks of viruses and this state of 
affairs precludes the preparation of preventative plans against viral transmission through 
the water environment. In order to combat water pollution it is essential to have 
information about the types and sources of pollution. This information can only be 
obtained by carrying out extensive surveys to identify the origins of both domestic and 
industrial sources of wastewater. Therefore, establishing a set of fast and dependable 
techniques for detecting viruses in water is of great importance for preventing outbreak 
of virus diseases through water and, a survey of laying a foundation for working out 
virology sanitation standards for drinking water is also needed (Li, 2002). With 
well-standardized surveillance networks, documented outbreaks of waterborne infections 
could be reported faster, in time to take preventive measures to stop further spread. The 
discharge and situation of the wastewater and the information about the types and sources 
of pollution can then be determined. Results obtained by such studies would allow 
determination of a threshold for the presence of infectious viruses in concentrated surface 
water samples, and therefore could allow prediction of the presence or the danger of 
waterborne viruses (Hot, 2003). Furthermore, the information collected by some 
surveillance system pertains only to outbreaks of waterborne illness rather than endemic 
waterborne illness. The epidemiologic trends and water-quality concerns observed in 
outbreaks might not necessarily reflect or correspond with trends associated with 
endemic waterborne illness (Blackburn, 2004). Epidemiologic data are weighted more 
than water-quality data. Thus the purpose of the water surveillance system is not only to 
implicate water as the vehicle for the outbreak but also to understand the circumstances 
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Water Surveillance is based on accurate identification of disease causing agents and a 
wide spectrum of methods can be used to monitor viral contamination in water samples. 
There could include, the indicator surveillance; cell culture methods and afterwards 
further identification such as neutralisation or ELISA (Enzyme-Linked Immunosorbent 
Assay); RT-PCR and Real-time PCR, have been developed and are currently in use in 
diagnostic laboratories on a day-to-day basis (Boonham, 2003). The work in this project 
explores one avenue for developing such a system and thus currently applicable methods 
that can determine the presence or absence of virus in water will be briefly discussed. 
1.5.1 Indicator method 
The 'bacterial indicator method' seeks to assess the microbiological quality of water by 
using bacterial indicators of faecal pollution. However there is increasing evidence that 
this method is not satisfactory for the prediction of virus contamination (Gerba, 1979; 
LaBelle, 1980; Lopez-Pila, 1996). Enteric viruses have been repeatedly found to be 
present in treated water, where the quality standard for coliform bacteria was met (Cho, 
2000). This is probably because viruses may remain in the aquatic environment for 
months and are more resistant to environmental factors than indicator bacteria. They are 
probably capable of survival for weeks or months at environmental and low temperatures, 
sheltered from UV irradiation some may persist for years. Of these Adenoviruses, 
Rotaviruses, and Picornaviruses are among the most resilient and remain viable or long 
periods in water. Enteroviruses and Adenoviruses are much more resistant to chlorine 
than coliform. bacteria. 
This approach can be extended to use non-human viruses such as the male-specific 
bacteriophages of the Levivirus family such as MS2 as indicators. These agents are found 
frequently in faecally contaminated materials and are thought to show similar stabilities 
to the enteric viruses, this suggests that they may be good models 
for virus contamination 
(Dore, 2000) and this approach remains promising. 
It is possible to seek the actual human viruses themselves and cultivable 
Enteroviruses 
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such as Poliovirus, have been extensively used. This agent has been ubiquitous in 
sewage-polluted environments because of widespread vaccination in the community and 
the resultant faecal shedding from vaccines. It has also been used in developed countries 
(Abraham, 1993). However, it is difficult and expensive routinely to extract and assay 
poliovirus from contaminated water, further the WHO (World Health Organization) aims 
to eliminate this virus from the world and work with it is already subject to control. As a 
substitute many workers now suggest Adenoviruses. 
1.5.2 Virological detection methods currently in use 
Virology detection method is a process to provide a virus present or absent, and a 
furthermore specific detection method is termed as diagnosis, which is suitable to find 
out the causal virus and recognizing it (Bos, 1999). Those methods are normally using 
antibody or PCR primers for known viruses to detect an unknown virus in a sample. 
Many methods used in water detection are combining viral cell culture method and with 
furthermore serological detection (e. g. ELISA). There are also molecular detection 
methods (e. g. RT-PCR or Real-time PCR), which can be combined with cell culture 
techniques or applied in viruses detection by themselves. 
1.5.2.1 Viral culture method 
The traditional technique for detecting viruses at present is cell culture (Reynolds, 1996), 
especially for the detection of enteric viruses in water. Normally viruses can 
be cultured 
and reproduced even if there is only one infectious virus existing 
in the cultured sample, 
and viral culture, can be applied to many sample types (provided they are not 
directly 
toxic to the cell culture). It is relatively sensitive, and yields an isolate that can 
be further 
analyzed and further sero-typed using serological methods. 
Certain viruses (e. g., the 
CVBs and PVs) replicate well in specific cells, providing 
discernible CPE (Cytopathic 
Effect) and levels of these viruses have been determined 
(Le Cann, 2004). 
Enzyme-Linked Immunosorbent Assay (ELISA) is a very powerful tool, which can 
be 
used to detect antibody or antigen. Greatest use 
in diagnosis is for the specific detection 
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of early antibody IgM. The method is performed to mix serum containing antibody with 
the containing virus sample together. After the antibody binds to the virus, rabbit 
anti-human IgM is added to bind IgM. Then at last, Enzyme-linked goat anti-rabbit 
antibody is added to bind to rabbit anti human IgM. 
Nevertheless, viral culture is time-consuming and laborious, and normally requires assay 
times of 3 days to 3 weeks or longer to be conclusive. Not all viruses can be cultivated 
and there is no single cell line or conditions of growth that can support all of the cultures. 
Many of the agents in which there is most interest are not cultivable or cultivable only 
with difficulty. Wild-type HAV grows very poorly in cell culture. For those HAV have 
been adapted for rapid growth in cell culture, such as FRhK-4 cells, it is also slow and 
difficult, especially for primary isolates. There is no CPE and it takes 6-8 weeks to carry 
out the test. NLVs. also cannot be grown in cell culture, no serotype classification system 
exists (Vinje, 2000). Some viruses, such as Caliciviruses, Noroviruses or HEV, do not 
grow at all in cell culture. Further, the observation of growth itself is not sufficient to 
identify a virus (It is impossible to draw a clear identification among Enteroviruses on 
the basis of CPE), and must be followed by serological. tests. Analysis of a complex 
mixture of viruses that might be present in an enviromnental sample by these means 
would be prohibitively expensive, requiring great efforts and time. 
1.5.2.2 Other detection methods in virology 
1.5.2.2.1 Neutralisation 
Neutralisation is the method that antibody coats and blocks virus's attachment sites to 
host cells (lock and key receptors), that stops the virus infecting or 
inducing the CPE, but 
viruses are not destroyed. In the neutralisation method, the same amount of virus 
is added 
to serially diluted antibody with the cells mixture; if there 
is sufficient antibody, the virus 
is neutralised and cells survive. The highest dilution of antibody that prevents virus 
infection of the cells could be determined and this will provide a 
figure of how many 
viruses are present in the given sample. 
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1.5.2.2.2 The plaque assay 
The Plaque Assay is a very powerful technique but is only applicable to viruses inducing 
CPE. When virus infects continuous cell sheet, replicating virus spreads through the 
culture cell sheet and destroys the agar overlay, then a 'hole' is formed (Plaque). 
Spreading of virus is limited to neighbouring cell. Plaques are usually visible to the 
naked eye. Plaques are an empty hole in a continuous cell sheet. It is the reverse of 
bacterial colony counts, where the colonies are an island of cells on an empty plate. 
Plaque assay's data are calculated in Plaque Forming Units (pfu) per ml not particles per 
ml, as viruses might be clumped (a clump of 10 viruses would still only form one plaque). 
For viruses that induce no CPE, plaques cannot be formed, and those need to be 
identified by other methods. 
1.5.2.3 Nucleic acid-based molecular methods 
During the last decade, molecular techniques such as the efficient reverse 
transcription-PCR (RT-PCR) have been developed as a more convenient alternative to the 
time-consuming and expensive virus culture. Several laboratories have attempted to 
develop molecular methods such as PCR for detecting these viruses. The most common 
molecular method is the polymerase chain reaction (PCR), where viruses are present in 
low quantity and either cannot be cultured or where culture would take too long for a 
result. Molecular procedures are very sensitive, less time-consuming and cheaper than 
cell culture. They could be developed for screening a large number of viruses, either 
through careful design of degenerate primers, or by multiplexing specific primers, which 
would be necessary for investigation of viral pollution of environmental waters (Straub, 
1995). Moreover, molecular techniques may be automated (Schvoerer, 2000). These 
sensitive and specific techniques are potentially easy to perform and applicable to all 
viral groups. In some circumstances PCR can be a useful confirmatory test for infections 
where serology provides indeterminate or conflicting results. PCR-based detection and 
quantification would also detect virus particles, which pose no threat to a consumer, even 
if they are inactive but their RNA remained essentially intact. 
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1.5.2.3.1 Generic RT-PCR method 
Generic RT-PCR procedures have been developed to amplify a target sequence from a 
range of related viruses (e. g. those from the same genus or family), using only one or two 
pairs of primers. To develop this type of process, regions of conserved amino acid and 
nucleotide sequence are identified in the target genome. This is accomplished through 
multiple alignments of genome sequences from as many strains of the virus as possible. 
Suitable conserved sequences are often found in protein encoding regions e. g. at the 
functional domains of the polymerase enzymes or in un-translated regions that specify 
molecular function, e. g. promoters or ribosome binding sites. The primers for generic 
PCR are often degenerate, having mixed bases at positions of redundancy 
accommodating codon 'wobble' in the target sequence, for example, the sequence 
5'-TAY occurs within the primer in which 'Y' can be coded by either 5'-TAT or 5'-TAC 
(Donald, 1996). Or they may use the base inosine at positions of maximum degeneracy, 
which allows for maximum base-pairing degeneracy (Clewley, 1998). 
The amplification reagents and thermal cycling conditions usually have to be empirically 
established for successful generic PCR. The first few rounds of thermal cycling have a 
substantial effect on the overall sensitivity and specificity of PCR. Assuming efficient 
denaturation of the target, the overall success of a specific amplification depends on the 
rate at which primers anneal to their target and annealed primers are extended along the 
desired sequence during the early, middle, and late cycles of the amplification. Factors 
preventing optimal annealing rates include poorly designed primers and suboptimal 
buffer constituents and annealing temperature. The extension rate of specific 
primer-target hybrids depends on the activity of the enzyme, availability of essential 
components such as deoxyribonucleo side triphosphates (dNTPs), and the nature of 
the 
target DNA. Thus, the majority of modifications to improve PCR performance 
have been 
directed towards the factors affecting annealing and/or extension rates. In addition, 
virus-seeded positive controls as well as negative controls were 
incorporated in all PCR 
assays to ensure the accuracy of the PCR assay. 
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Positive controls are incorporated because false-negative results can arise from various 
causes such as the loss of templates in nucleic acid purification, contamination of RNase, 
or insufficient removal of PCR inhibitors (Lee, 2002). Negative control in which the 
template is omitted must be carried out to detect product carry over and any traces of 
contamination in the solutions used (Seifarth, 2003). 
Application of this technique to NoV detection in water and shellfish has achieved 
striking results, and can even provide quantitative information (Le Cann, 2004; Laverick, 
2004). In 1999, Sophie Minjolle described a new type of stair primer, which is designed 
to overcome the mutations in the sequence of the priming region (Colimon, 1996). These 
primers were used with each oligonucleotide contributing 1/11 to the final molarities and 
their sequences correspond to those of different genes in the six viral genomes (Minjolle, 
1999). This approach can simultaneously detect the six major human herpesviruses in a 
single reaction. 
1.5.2.3.2 TaqMan real-time PCR 
The development of a quantitative RT-PCR detection, such as TaqMan real-time PCR, is 
of great benefit in assessing the extent of virus contamination. Typically, Real-time 
RT-PCR is performed on both the experimental samples and reference standards. When 
analyzing numerous samples, one sample is typically designated as the 'calibrator' (or lx 
sample), and the relative expression levels of all other samples are then expressed 
relative to the calibrator sample. Relative values for target abundance in each 
experimental sample are extrapolated from the standard curve generated from the 
reference standard. The standard curve is constructed from a 'reference' sample in a 
dilution series, which is not important in the identity (it can be a single RNA sample, 
pooled RNA, genomic DNA, cDNA, or even a cloned DNA), as long as the relevant 
PCR target is present. For accurate relative quantization, it is essential that the dilution 
series from which the standard curve is generated be carefully prepared. The units used to 
describe the dilution series are relative, based on the dilution factor, and can be expressed 
as such (e. g. 1,10,1000 fold, etc) or expressed as equivalent mass amounts (e. g. 100,10, 
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Ing, etc). The absolute values calculated for the experimental samples are meaningless; 
the relative differences between samples are accurate. 
1.5.2.3.3 Multiplex PCR 
Polluted water will usually contain a mixture of viruses from different sources, possibly 
even from different hosts. These are far more complex mixtures than may be anticipated 
in a clinical setting where mixed infections are relatively uncommon and of limited 
heterogeneity. To address these situations and to increase the diagnostic capacity of PCR, 
a variant termed multiplex PCR has been described. In contrast to generic PCR, 
multiplex PCR involves the combination of several primer sets targeting different 
sequence regions in one amplification reaction. Generic PCR uses a single set of 
redundant primers directed to conserved (consensus) regions to amplify many related 
viruses. Multiplex PCR uses different primers sets (which may be generic or specific) to 
amplify different regions from unrelated viruses. For example, in a PCR for neurological 
viruses, this might include generic primers for amplifying Herpesvirus and Enteroviruses 
together with more specific primers for Measles, Mumps, Rubella and West Nile viruses 
(Clewley, 2004). 
In a similar manner to generic PCR, multiplex PCR requires careful optimization, which 
is more difficult to achieve. To attain sufficient sensitivity it may be necessary to split 
any sample into several aliquots for amplification with selected subsets of the full range 
of primers. The primer pairs must be inclusive for as many strains of the target pathogen 
as possible, and depending on the amplicon detection method, their targets should be 
easily resolvable. The latter may be achieved by using primer pairs that result in PCR 
products that can be separated and clearly visualized using gel electrophoresis or 
hybridization probes with maximum specificity (Elnifro, 2000). 
However, Genetic or degenerate PCR, even multiplex PCR are limited, in their ability to 
only detect a restricted number of viruses. The method can give no information on the 
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'known' viruses to which primers were designed. It is also difficult to apply to closely 
related viruses where sequence variation may be insufficient to allow size separation of 
the different products. Consequently, this approach is not suitable for the simultaneous 
identification of multiple viruses. Moreover, it is often complicated by the existence of 
highly homologous relatives, and discrimination between viral subtypes or genera 
requires additional labor-intensive procedures such as restriction enzyme analysis, 
sequencing, or hybridization blotting of the PCR product. For instance attempts to detect 
Enteroviruses using generic primer could merely detect Enterovirus but could not 
distinguish between the types of Enterovirus (Zoll, 1992). The maximum number of 
viruses detectable in a single assay is relatively small even with multiplex-PCR because 
it is difficult to design compatible multiplex primer sets. Even so, simultaneous detection 
of Poliovirus, HAV and Rotavirus has been achieved but was subject to primer 
interference (Tsai, 1994). Post-PCR product analysis remains one of the major limitations 
of the multiplex-PCR approach. Therefore a new technology microarray is introduced 
into this project for the virus detection. 
1.6 Microarray technology 
DNA microarry methods or a combined PCR-microarray method can improve the virus 
detection substantially (Majid, 2003). Microarray technology now offers the ability to 
discriminate between related PCR products and thus the multiple uses of redundant PCR 
primers to target and amplify a range of viruses present in a sample become 
feasible. The 
products do not need to be separable and specificity is achieved at the array 
hybridization 
stage when hybridization to a microarray slide containing several 
hundred probes for 
individual viruses or groups of viruses detects each simultaneously. 
Moreover, in its 
fabrication, small nanoliter-sized volumes are instantaneously arrayed so that 
simultaneous characterization of genes and virus can 
be achieved in a very short time. 
Such detection technologies offer the chance of defining at last the true extent of virus 
contamination of the environment 
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1.6.1 The microarray technology 
Microarray technology has emerged since 1996 and was considered as 'the hottest thing 
in biology and medicine since the advent of the PCR a decade ago' (Mitch Leslie, 2001). 
The first high-profile applications took place in 1998 and 1999. Microarrays are 'glass, 
silicon, or nylon membranes to which oligo- or polynucleotides identical or 
complementary to known sequences are bound (Clewley, 2003). In contrast to the 
situation in blotting technologies it is usual to label the target rather than the probe. Thus 
in microarray technology, the 'probe' is unlabelled and bound to the solid phase, whilst 
the 'target' is labeled in the solution. The hybridization signals are detected by scanning 
the microarray usually with a laser as the target is fluorescently labeled. Reactive probes 
then appear as 'spots' in the final image of the array. Spots are usually 100-200ýIM in size 
and located within 200-500ýtM of each other. 
The immobilized probes may be PCR products but the use of synthetic oligonucleotides 
is more common. These can be either deposited mechanically on the substrate or 
synthesized in situ using lithographic techniques (Lockhart, 2000). The material of the 
array may be a number of substrates (glass, nitrocellulose or nylon), but modified glass is 
the most common. This is compatible with printing systems such as quill pins, solid pins, 
or ring-and-pins (Schena, 2000). Membrane based arrays may be in the format of line 
probe blots. Microarrays for virus detection require genome specific probes to capture the 
labeled target viral sequences. 
An array is an orderly arrangement of probes. The location of each is known and each 
can be interrogated by reading the array. An array experiment can make use of common 
assay systems such as micro-plates or standard blotting membranes, and can be created 
by hand or make use of robotics to deposit the sample. In general, arrays are described as 
macroarrays or microarrays, the difference being the size of the sample spots. 
Macroarrays contain sample spot sizes of about 300 microns or larger and can be easily 
imaged by existing gel and blot scanners. The sample spot sizes in microarray are 
typically less than 200 microns in diameter and these arrays usually contain thousands of 
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spots, requiring specialized robotics to create and imaging equipment to read (Shi, 2002). 
Thus, 'High density arrays, have thousands of individual probes per cm 2, and are referred 
to as microarrays' (Clewley, 2003). 
1.6.2 DNA microarray 
Microarray technology is classified according to the probe's size, the manner they are 
arrayed; the chemistries and linkers used for attaching them to the surface and the 
hybridization and detection conditions employed. cDNA or PCR arrays and the in situ 
synthesized oligonucleotide array are the two main formats in use. The latter, in which 
oligonucleotide probes are actually synthesized on the silicon surface by 
photolithographic combinatorial chemistry methods is similar to those used to make 
electronic chips and is thus often referred to as 'DNA chip' or 'gene chip'. 
1.6.2.1 cDNA array format 
A simple cDNA microarray format developed at Stanford University is in large-scale. 
Probe cDNA (500-5,000 bases long) are made by robotic deposition of DNA spots 
50-150[tM in diameter onto a coated glass surface. These moderate sized DNA chips 
contain 10,000 spots on an area of 3.6cm 2. This technology allows the comparison of 
fluorescently labeled cDNA populations from control and experimental tissues in dual 
colors requiring less than 600ng of mRNA per sample for a 10,000 spot DNA chip. 
1.6.2.2 The in situ synthesized array 
The in situ synthesized array can generate 65,000-400,000 DNA oligonucleotides on a 
1.6cm 2 glass surface; oligonucleotide synthesis and photolithographic computer chip 
synthesis are combined together. In DNA photolithography, ultraviolet light shines 
through holes in masks in order to direct parallel and stepwise synthesis of 
oligonucleotides. At each step in synthesis, oligonucleotides that require a cytosine in the 
next position are de-protected by light at the appropriate positions by the mask. The chip 
is then flooded with activated cytosine nucleotides, which couple to the de-protected 
positions. Uncoupled cytosine residues are then washed away; another mask is applied, 
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and the de-protection steps are carried out with the next nucleotide. Repetition of the 
cycle of 70 times, with 70 different masks, allows synthesis of the complete array of 
thousands of 25mer oligonucleotides in parallel. This approach to gene expression 
monitoring is advantageous because it allows the user to avoid genes that are repetitive or 
homologous to other known gene. Typically 20 pairs of oligonuucleotide are arrayed to 
represent each gene, which improves the quantification, specificity and reliability of gene 
expression data. Each nucleotide that matches the gene sequence is paired with a second 
mismatch oligonucleotide that differs only by a central nucleotide. During data analysis, 
the spurious hybridization can be sorted out by excluding that failed hybridization. This 
method, 'historically' called DNA chips, was developed at Affymetrix, Inc., (Shi, 2002). 
1.6.3 Implication of microarray technology 
The application of microarray technology includes the comprehensive analysis of 
multiple gene mutations and expressed sequences with regard to newer drug designs, 
host-pathogen interactions, single-nucleotide polymorphisms (SNPs), genome mapping, 
mutation screening, and the design of new vaccines. 
1.6.3.1 Gene mutation and gene expression application 
One of the most important applications of microarrays is in the study of differential gene 
expression in disease and health, and in normal and abnormal physiologic and 
immunologic responses. The up or down regulation of gene activity can either be the 
cause of pathophysiology or the result of disease. To study the fine changes in the 
expression of these thousands of genes affected in a diseased state, microarray technique 
helps to accelerate this understanding of host-pathogen interaction. A large fraction of the 
genome can be simultaneously investigated. And the sequence of transcription induction 
and repression can be further researched after the microarrays detection. DNA 
microarrays are used to reveal genes that are specifically expressed or up regulated in 
disease tissues. The oligo microarray can also be used for monitoring the behavior of the 
virus genes in different stages of the disease status. 
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The Affymetrix HIV-1 Gene Chip was the first commercial microarray. It was initially 
developed for genotyping the protease gene, and later also for the reverse transcriptase 
gene (Kozal, 1996). It consisted of a high density array of over 12,000 oligonucleotides 
created by light-directed combinatorial chemical synthesis on a glass surface (Lipshutz, 
1999). As a whole this provided full genotyping information for the HIV- I protease gene 
to detect mutations and polymorphisms (Kozal, 1996). This array was designed with 
15-base overlapping oligonucleotides to target each position of the HIV-1 subtype B 
protease gene. After fragmentation of the HIV-1 RNA, the hybridization signal could be 
read out as the sequence of the protease gene. This Affymetrix HIV-1 Gene Chip has 
been used by several laboratories and the results obtained have agreed with those 
obtained in standard- sequencing procedures (Gunthard, 1998, Hanna, 2000). However, 
this chip is still facing challenges, and it might need separate chips to genotype other 
subtypes of HIV-1, because a complete single sequence must be known before the 
oligonucleotides can be designed. If the genome mutation happens more rapidly and 
extensively, the sequence design for this kind of chip will become more difficult in order 
to catch all of the variations might be present (Clewley, 2003). 
1.6.3.2 The application in virology 
The microarray technique has been extensively applied in virology. In molecular 
diagnosis, microarrays intended for diagnostic purposes require genome specific probes 
to capture the unknown target viral sequences and thereby reveal the presence of specific 
viruses in a test sample (e. g. recognizing the causative agent of an illness). This 
technique can also be used in epidemiological surveillance and transmission (e. g. 
investigating routes of transmission), and also for the purposes related to vaccine use (e. g. 
vaccine quality control or new strains vaccine coverage surveillance). It can be used to 
investigate the interactions between the virus and the host cell, determine the host range 
and study of the RNA expression profile of virus and host following infection, including 
antiviral drug resistance mutation screening, and drug effects in vitro. In other field, 
microarray technique are making their effort in monitoring molecular evolution, gene 
expression profiling, genotyping, mutation detection, gene 
discovery, and other fields in 
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medicine (Khan, 1999; Pennisi, 1999). 
Such a diagnostic tool will undoubtedly have many uses in the study of viral 
pathogenesis and perhaps equally importantly has the potential to facilitate viral 
discovery and identification in diseases of unknown etiology as well as in instances of 
bioterrorism. Certainly microarray technology will be pivotal in the advancement of 
disease research and diagnosis as well as the identification of therapeutic targets for 
pharmaceutical development and gene therapy. Microarrays are an attractive technique 
for such studies, because diagnostic microarrays are dependent for their utility and 
versatility on generic, multiplex or random PCR reactions that will amplify several viral 
target sequences (unknown) from a sample, which allow highly multiplexed assays. And 
also because the miniaturized microaray-based assays deploy very small reaction 
volumes, the microarray techniques serve to increase the throughput and decrease reagent 
costs, which are both important consideration in large-scale epidemiological and other 
clinical studies (Lovmar, 2003). 
Microarray hybridization methods have been applied in environmental studies and 
evaluated for virus detection and microbial community analyses in complex 
environments. These studies indicated that microarray-based genomic technologies have 
great potential as specific, sensitive, quantitative, parallel high throughout put tools for 
microbial detected identification and characterization in natural environments. An 
impressive array in diagnostic virology has been developed by DeRisi and his colleagues 
at the Howard Hughes Medical Institute (Wang, 2002). They established a microarray 
using of conserved regions for a broad range of common viruses, comprising 1600 
unique 70-mer olilgonucleotides probes which were derived from nearly 140 virus 
genome sequences. RNA extractions were prepared from both infected and uninfected 
cell cultures, and some from patient specimens. A random PCR procedure was applied to 
amplify and label the cDNA from the sample (Bohlander, 1992), and then infecting 
viruses were detected by examining specific patterns of hybridization. This 
is a powerful 
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was used to demonstrate that the uncharacterized and emergent agent of severe acute 
respiratory syndrome (SARS) was most likely to be a member of the Coronavirus family 
(Wang, 2003). 
In addition, one potential extension application of this microarray could be to establish a 
reference library of hybridization signatures, or could call it as 'viral barcodes', for 
hundreds of individual serotypes and to develop quantitative methods for comparing 
signatures to identify subtypes. Field studies of many viruses have been severely 
hampered by a lack of serotype-specific data. Microarray-based viral detection may offer 
a powerful alternative for determination of viral subtypes, because different serotypes 
could be distinguished by distinct patterns of hybridization. For instance, when Rotavirus 
was analyzed by this microarray, no overlap had been found between the hybridization 
patterns of RV14 and RV16. As a consequence, identity serotype probes could be 
designed for hundreds of individual virus serotypes, and then serotype-specific 
hybridization data could be collected by microarray-based viral detection for the virus 
determination (Wang, 2002). Furthermore, by selecting microarray elements derived 
from highly conserved regions within viral families, individual viruses that were not 
explicitly represented on the microarray were still detected, raising the possibility that 
this approach could be used for virus discovery. 
1.6.4 Microarray data analysis 
The analysis of microarray data has an absolute requirement for adequate controls for 
signal linearity, hybridization specificity, and consistency across the array, and array 
normalization strategy. These exogenous control genes are added as quality and negative 
controls (Benes', 2003). Use of such control sets, together with a sufficient number of 
experimental repeats and in-depth statistical analysis can provide thorough data 
validation. Microarray co-hybridization assays are complex, multi-step procedures 
involving array fabrication, fluorescent-probe labeling, hybridization and data analysis. 
Sophisticated bioinformatics tools are required to draw logical and reproducible 
conclusions from the massive amount of information 
distilled from the complex 
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microarray data. Accessing to large electronic data sets, reliable and consistent annotation 
and effective tools for data mining are improved. In addition to variations among 
individual measurements in a single experiment, the data also need to be normalized for 
variations that arise from sample preparation. Microarray data analysis is performed 
using sophisticated statistical methods (e. g. Euclidean Distances or Super-paramagnetic 
Curve) or other powerful analytic software. There are several softwares (among the most 
popular, BlueFuse for image analysis and Gene Spring for data analysis) that will provide 
the investigator the resources to generate meaningful data in a relatively short period of 
time. Many of these same approaches and principles can be applied to infectious disease 
and to the identification of diagnostic signatures, predictors of clinical course of infection 
and targets for novel intervention or prevention strategies. There has been a dramatic 
growth in commercial sources of the components of microarray technology including 
clone-sets, arrayers and scanners as well as the software used for primary data analyses. 
1.6.4.1 Quality control 
Although it is possible to re-hybridize some arrays, this is unlikely to be acceptable for 
diagnostic use because of the increase in noise and loss of signal that comes with reuse. It 
is also difficult to relate the signal from an array back to the amount of virus genome that 
was present in the original specimen, making quantification a problem. Because of the 
difficulties of standardization and reproducibility associated with the large number of 
probes on an array, and the large number of slides that need to be made, microarray 
technique requires complex controls. Quality control should become standard reagents in 
any microarray laboratory because this method is already applied by industrial providers 
of microarray technology (e. g. Affymetrix Inc. GeneChip microarrays). Moreover, they 
can be obtained from several commercial sources (e. g. Amersham's 
ScoreCard and 
Stratagene's SpotReport). 
1.6.4.2 Negative control 
There are different sorts of negative controls, which 
help to determine the noise of a 
microarray experiment and to ensure the absence of carryover contamination. 
As a 
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rule-of-thumb, data are considered positive if the signal intensity exceeds one-to-two 
standard deviations of the average signal intensities of all negative controls. Such a 
cut-off value removes data from spots with low intensity, which have high variance and 
improves slide-to-slide comparisons. 
1.6.4.3 Standard control spiked into sample 
Standard controls can be spiked into the reference and the experimental samples in 
predetermined concentrations at different stages of the microarray, thus allowing for the 
quality of many individual steps of the microarray procedure to be monitored. This kind 
of control termed as spike-in controls need to be titrated to cover the entire range of 
signal intensities obtained in a microarray. Using spike-in control can suggest that a 
cut-off value after the data analysis, which be defined in the following way: spike-in 
RNA added in equal amounts to the reference and the experimental sample are 
normalized such that the ratio equals to one; then, the deviation of each individual 
spike-in control from the normalized value is calculated and used to determine the 
standard deviation; the cut-off ratio for regulation in each microarray experiment is 
calculated (Richter, 2002). Ideally, a common spike-in control and reference set for each 
species used in every microarray experiment would limit variability problems and 
facilitate normalization. 
1.6.4.4 Normalization 
Another approach to control variability in microarray experiments is to spot genomic 
DNA in multiple dilutions on the array and use the signals obtained after hybridization 
for normalization purposes. A process called normalization (Quackenbush, 2002) can 
balance the systematic variations and allow comparison of expression profiles obtained 
from independent measurements in microarray. This has been further refined by 
application of intensity-dependent algorithms for local normalization by showing a ratio 
of the arithmetic mean equal to one between the reference and the experimental sample 
(Yang, 2002). Data from a single hybridization is viewed as a normalized ratio (that is 
Cy3/Cy5) in which significant deviations from I (no change) are indicative of increased 
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(>I) or decreased (<I) levels of gene expression relative to the reference sample. In 
addition data from related genes in the same experiment or from different experiments 
can be analyzed using data mining tools such as cluster analyses. Spike-in control can 
serve as normalization, which is a valuable tool for improvement of the normalization 
process. The use of exogenous spike-in controls is of particular importance for the 
normalization of microarray data from specialized microarrays that contain only a 
reduced number of genes or when experimental conditions are analyzed of which a large 
proportion of genes represented on the array is expected to change its expression. 
1.6.4.5 Replication of a microarray experiment 
Replication of a microarray experiment is essential to obtain the variation for statistics 
calculation. In the microarray practicing, it has been recommended that every microarray 
experiment should be done in triplicate in order to raise data reliability. There are two 
types of replication: technical and biological. In this project the replication particularly 
refers to the technical repeat, in which duplicate the microarray experiment by applying 
the same extracted RNA samples. With this replication, accurate measurement could be 
achieved. Biological replication refers to the analysis of multiple independent biological 
samples (individual samples of a particular cell line under the same treatment). If each 
individual probe used for spotting, can be replicated multiple times at different locations 
of the array, in such a microarray layout, random and systematic measurement errors in 
the microarray process that might affect the data can be easily assessed. Owing to 
multiple spot replicates, more reliable information can be gained from a single 
experiment. Genome-wide arrays are limited by space and thus, multiple clone replicates 
can rarely be spotted. As a consequence, the number of hybridization experiments needs 
to be increased. 
1.7 Aims and objectives 
This project aims to develop a microarray-based approach to 
detect and differentiate 
between viruses in environmental waters (including river water and sewage). 
These 
technologies may permit us to investigate the circulation of 
both human and animal 
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viruses in water, their persistence through water treatment and the envirornnentý and the 
manner in which levels and types may change with time. This may permit more accurate 
modeling of this behavior and ultimately lead to improved predictions of the outbreak of 
diseases. 
The project summary into the following four lines: No. 1, a collection of virus-specific 
oligonucleotides are spotted onto glass slides as probes; No. 2, A virus detection 
microarray was established by designing probes; No. 3, Virus RNAs are extracted, reverse 
transcribed and amplified by PCR with labeling with cyanine dyes; No. 4, the presence of 
viruses and their identities are determined by hybridization with the established 
microarray and the data analysis. The specific aims are: to develop an array by analysis 
of selected candidate sequences in Picornaviridae; to develop sensitive but general 
amplification and labeling procedures to prepare virus-specific samples for use in array 
hybridization; to evaluate the sensitivity and specificity of virus detection by such an 
array using laboratory grown representative viruses spiking into environmental samples; 
to test the array using real environmental samples; to demonstrate the existence of any 
viruses detected in the environment by PCR and/or culture of the same viruses from the 
samples identified as virus-positive; to consider the best means for extending the array 
design and coverage. 
40 
CHAPTER 11: GENERAL MATERIALS AND METHODS 
2.1 Cell culture 
2.1.1 Viruses 
The BEV (including 5 sero-types, which are clinical isolates representing the viruses 
isolated by the lab; came from Dr. Mildred Wylie of the N. Ireland Department for 
Agriculture and Rural Development (DARDNI), Belfast N. Ireland) and HAV viruses 
were provided by Dr. Stefan, from Royal Veterinary College, University of London. The 
CoxB4 virus was provided from the virology lab, University of Surrey. 
2.1.2 Cells 
HeLa cells (ECACC No. 93021013) for Enterovirus (mainly CoxB4 in this project), 
Madin-Darby Bovine Kidney (MDBK) cells (ECACC No. 90050801) for BEV virus and 
FRhK-4 cells for HAV virus culture respectively were provided by virology lab, 
University of Surrey. 
2.1.3 Culture medium 
HeLa cells were cultivated in Eagle's modification of minimal essential medium (MEM) 
with Earles salts supplemented with 10% Heat-inactivated foetal calf serum (FCS); 1% 
Penicillin and Streptomycin; 1% Non-Essential Amino acids all supplied by Gibco 
(Invitrogen). Medium was purchased ready-made at 10 x and autoclaved to form a sterile 
Ix concentration. This was diluted before use with 9 parts sterile water and required 
addition of 2mM L-glutamine stock solution to a final concentration of 1% and 3% 
Sodium Bicarbonate to ad ust the pH. 0.5% Gentamycin was added to all final media 
before use. The culture medium for MDBK cells was Dulbecco's modification of MEM 
supplemented with FCS to 5% and other components as for HeLa cells above. 
The 
maintenance medium was similar to growth medium but with 2% FCS. 
2.1.4 Virus culture method 
Both cell types were maintained at 37'C in an atmosphere of 
5%CO2. The detailed cell 
culture infonnation is listed in Table 2.1. 
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Table 2.1: Detailed information of virus culture in cell lines 
Cell Line HELA MDBK FRhK-4 
Cell Type human cervix carcinoma bovine kidney cell 
Origin Established from the epitheloid cells were derived from a 
cervix carcinoma of a 31 year kidney of a normal adult 
old black woman in 195 1; steer in 1957; cells are 
later diagnosis changed to BVD-free (bovine diarrhea 
adenocarcinoma; first aneuploid, virus) 
continuously cultured 
human cell line 
Depositor obtained from ATCC (CCL 2), Dr. R. Riebe, Friedrich- 
Rockville, Maryland, USA Loeffler -Institut, BFA, Insel 
Riems, Germany 
Morphology epithelial-like cells growing in adherent, epithelial-like 
monolayers cells 
Medium 90% MEM (with Earle's salts) + 95% Dulbecco's MEM + 
10% FBS + 2mM L-glutamine + 5% FBS 
essential amino acids (cells also 
grow well in 90-95% RPM1 
1640 + 5-10% FBS) 
Subculture split confluence culture 1: 4 to optimal split ratio at 1: 4 to 
1: 6 every 3-5 days using 1: 6 using trypsin/EDTA; 
trypsin/EDTA; reach confluence cells grow within 2-3 days 
quickly; seed out at ca. 1-2x to confluence; seed out 1-2x 
106 cells/80CM2 
106 cells/80CM2 
Incubation at 37*C with 5% C02 at 37*C with 5% C02 
Harvest cell harvest of ca. 5-15x 10 
6 
cell harvest of about 5-1 Ox 
cells/175 CM2 
106 cells/8 OCM2 
Doubling ca. 48 hours ca. 35 hours 
Time 
Storage frozen with 70% medium, 20% frozen with 70% medium, 
FB S, 10% DMSO at about 2x 20% FBS, 10% DMSO at 
106 cells/ampoule about 1-2x 106 
cells/ampoule 
DMEM + 10% 
FBS 
at 37*C with 5% 
C02 
Culture medium 
10% DMSO 
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2.1.5 Procedures of cell culture passage 
Cells were checked under the microscope to ensure they were confluent and needed to be 
passed. The growth medium and trypsin/versene were pre-warmed to 37'C in a water- 
bath. The Cell-flask neck was flamed and the medium was poured off the cell sheet into 
Virkon. 5ml trypsin/versene was added freshly, and then the flask was left flat on the 
bench for about 5 minutes or more, and then gave the bottle a sharp tap by its edge on the 
bench, detaching cells appeared white and making it look cloudy (this could be checked 
under the microscope). All the liquid was transferred into a centrifuge tube, centrifuging 
at 1500rpm for 3-5 minutes. All suspends were pulled off, then 6ml of fresh growth 
medium was added approximately and the cells were pipette up and down thoroughly to 
disperse them. The cells (approximately 2ml per bottle) were divided between fresh 
flasks containing nearly 10ml of growth medium. 
2.1.6 Freezing medium and procedure 
The cell freezing medium was made by mixing 10ml growth medium; Iml Heat- 
inactivated FCS (increases calf serum content to 20%); lml Dimethylsulphoxide (DMSO, 
this kept the ice crystals small and prevented them from breaking the cells open). Cells 
were harvested from a 75cm flask and collected by centrifugation in a 50ml tube. The 
supernatant was poured off and was re-suspended in lml freezing medium then 
transferred to cryovial or ampoule. Then the cells were frozen with controlled cooling to 
-70'C by wrapping in paper inside a poly box and 
leaving in freezer overnight, and then 
transferred to liquid nitrogen next day. 
2.1.7 Resuscitation of stored cell 
HeLa and MDBK cells were normally preserved in liquid nitrogen. The vial was 
collected from liquid nitrogen then the cells were thawed rapidly at 37'C 
in a water bath. 
When thawed, cells were diluted with fresh medium and collected by sedimentation 
before they were re-suspended in 12ml fresh medium and introduced to a 75cm 
2 culture 
flasks for incubation at 37'C in an atmosphere of 5% C02 overnight. The medium was 
changed the following day to remove DMSO that would 
have diffused out of the cells 
during the incubation. Incubation was continued at 37'C until mono-layers were 
confluent. 
43 
2.1.8 Plaque assay 
6-well plates were seeded with cells (e. g. HeLa cell) at the level of a confluent 75cm 2 
flask per 20 to 24 wells, and incubated at 37'C overnight. Virus was diluted in a ten-fold 
series in maintenance medium, making dilutions as 0.1 ml inoculums into 0.9ml medium. 
Generally diluting as far as 107 fold was sufficient. The growth medium was removed 
from the wells and 0.4ml dilution (or medium for control wells) was plated out. The sets 
were incubated at 37'C placing on the rocking platform at room temperature for I hour. 
During this time the overlay was prepared: 0.8% cell-culture grade agarose (Sigma) 
dissolved in MQ-water by autoclaving and then melted in the microwave and cooled to 
42'C, 2x maintenance medium was warmed to 37C. At the end of the incubation time, 
the inoculums was removed from the wells, equal volumes of agarose and 2x medium 
were mixed and 2ml carefully added to each well. Dishes were left in the hood until the 
overlay had set, then returned to the 37'C incubator for 24-36 hours. To stain the plaques: 
the cells were fixed by pipetting 2ml formol saline (10ml formaldehyde plus 90ml 0.89% 
saline) onto each well and left for 20 minutes. The agar overlays were flushed out of the 
dishes using a wash-bottle of water. The fixed cells were stained with approximately 
0.5ml crystal violet stain (0.1% in 20% ethyl alcohol) at room temperature for about 15 
minutes. The stain was then gently washed off with water and the dishes drained and 
allowed to dry. 
2.1.9 General protocol for infecting cells 
When the cells were confluent, the virus was collected from -70'C freezer, and thawed at 
37C. The virus was diluted with the maintenance medium approximately 4ml for 75cm 
2 
flasks. The flask was collected to be infected from the incubator. The growth medium 
was poured off into a waster pot and the monolayer was rinsed gently with maintenance 
medium. The diluted virus inoculums were added with rocking gently to cover the cell 
sheet, and then they were incubated at 37'C by placing on the rocking platform 
for I 
hour at room temperature. After that, the virus inoculums were poured off and 12-15ml 
maintenance medium was added for the 75cm 
2 flask. The flask was returned to the 37'C 
incubator and observing daily for signed of CPE. 
2.1.10 Virus growth 
Viruses CoxsackieB4 ('CoxB4-XO5690'. one of the serotypes of Human Enterovirus B) 
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and Bovine Enterovirus (BEV), were propagated in HeLa or MDBK cells respectively. 
Cells were infected at multiplicity of 15pfu/cell. The viral progeny were harvested, when 
CPE were observed in most (80%) of the cell monolayer, and monolayers had detached, 
typically after 24-72 hours (This could be checked daily under the microscope). The 
supernatant was clarified by centrifugation at 1500rpm for 5 minutes at 4'C. If preparing 
virus stocks, cell flasks were frozen at this stage by transferring to the -70'C freezer for I 
hour. They were then thawed slowly on the bench at room temperature to disrupt the cells. 
The debris containing the virus was re-suspended thoroughly using a pipette before the 
lysates were clarified by sedimentation at 1500rpm for 5 minutes at 4'C. The supernatant 
to be used as inoculums was aliquot as samples of Iml, 5ml or 10ml by transferring to 
cryovial or ampoule and stored frozen at -70'C. For extraction of RNA, cells were 
collected in universals and centrifuged at 1500rpm for 10 minutes at 4'C. The cell pellets 
were retained for RNA extraction. 
2.1.11 Environmental sample culture 
Because environmental samples have not been sterilized, they could contain many 
microorganisms. Consequently when attempting to culture viruses from these samples 
the concentration of gentamycin was increased to (10mg/ml) to inhibit growth of 
contaminants. 
2.2 Virus RNA extraction 
There were three method approaches for the RNA extraction from virus cell culture and 
environmental samples. They were RNA extraction by 'RNAzolTmB' for the viruses 
cultured in cells; the 'RNAzolTmB' method combined with the 'RNeasy Mini Kit' 
(Qiagen) to purify the extracted RNA from the environmental samples; and 'QlAamp 
Viral RNA mini Kit' (Qiagen) for the environmental sample RNA extraction. 
2.2.1 RNA extraction by 'RNAzo, TmB' method for cell-grown virus 
RNA was extracted from infected or uninfected cells using the 'RNAzolTmB' method 
according to the manufacture's instructions. In brief cells were re-suspended 
in 
RNAzolTMB at 5x 106/Ml to lyse cells in 75cm 
2 flasks by addition of 2ml per flask. 0.2ml 
of chloroform was added per 2ml of lysate and the samples were shaken vigorously 
for 
15 seconds and then stood on ice for 5 minutes, 
before the phases were separated by 
centrifuging the suspension at 13,80OOrpm, at 
4'C for 15 minutes. The upper (aqueous) 
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phase was removed to a fresh tube and 2.5 volume of 100% ethanol were added and 
mixed. The tubes were then spun at 13,80OOrpm at 40C for 15 minutes. The supernatant 
was removed and the RNA pellet was washed once with 75% ethanol by vortexing and 
subsequent centrifugation at 13,80OOrpm for 8 minutes at 4'C. It was necessary to use at 
least 0.8ml of ethanol per 50-100[ig RNA to ensure adequate washing. The liquid was 
removed and the pellet dried briefly before it was dissolved in DEPC-treated water (the 
volume was changeable according to the RNA to be centrifuged). RNA was then re- 
precipitated by the addition of 1/3 volume of 3M sodium acetate (PH5.5, to remove 
contaminating DNA, tRNA, and polysaccharides) and 2.5 volumes of 100% ethanol. This 
was mixed well and then re-precipitated by centrifugation at 13,80OOrpm for 15 minutes 
at 4'C. The supernatant was removed and the pellet washed in 75% ethanol to remove 
the salt. This wash was removed and the RNA was dried briefly under vacuum for 10- 15 
minutes before it was finally re-dissolved in DEPC treated water. Its concentration was 
then determined by the ratio of absorbance at 260nm to that at 280nm. For pure RNA this 
ratio should be around 1.8 (pure RNA has an ODA260/A28o ratio of 1.9-2.1 in I OmM Tris. Cl, 
pH 7.5). 
2.2.2 RNA extraction by 'RNAzol TmB' combined with 'RNeasy Mini Kit' 
purification for environmental sample 
2.2.2.1 Environmental sample concentration after collection 
Concentrated samples prepared from environmental waters were supplied by the 
Environmental Virology Unit, Reading Health Protection Agency (HPA). These included 
concentrated made from river water and the unprocessed sewage samples. All the 
environmental samples obtained and used in this work are listed in Table 2.2. 
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Table 2.2: Obtained environmental samples from 'Reading HPX Lab 
Sample No. Sampling 
date 
Sampling location Sample 
type 
Virus identification (isolate) 
04 (14 &15) 14/01/2004 River Thames, Reading River water N/A 
04(16) 14/01/2004 River Thames, Reading River water C134 x 1; 1 pfu/101iters 
04(17) 14/01/2004 River Thames, Reading River water CB4 x 3; 3 pfu/101iters 
04(26) 04/02/2004 River Thames, Reading River water C134 x 1; 1 pfu/1 Olitres 
04(27) 04/02/2004 River Thames, Reading River water C134 x 1; 1 pfu/101iters 
04(28) 04/02/2004 River Thames, Reading River water N/A 
04(29) 04/02/2004 River Thames, Reading River water C134 x 1; 1 pfti/lOliters 
04(82) 09/03/2004 River Thames, Reading River water N/A 
04(84) 09/03/2004 River Thames, Reading River water C134 x 1; 1 pfu/101iters 
04(85) 09/03/2004 River Thames, Reading River water C135 x 1; 1 pfu/101iters 
04(96) 06/04/2004 River Thames, Reading River water C134 x 2, C135 x 1; 3 pfu/101iters 
04(97) 06/04/2004 River Thames, Reading River water C134 x 1; 1 pfu/101iters 
04(98) 06/04/2004 River Thames, Reading River water C134 x 2, C135 x 1; 3 pfu/101iters 
04(99) 06/04/2004 River Thames, Reading River water C134 x 1; 1 pfu/101iters 
04(114) 11/05/2004 River Thames, Reading River water C134 x 1; 1 pfu/101iters 
04(115) 11/05/2004 River Thames, Reading River water C134 x 1; 2 pfu/101iters 
04 (116 & 117) 11/05/2004 River Thames, Reading River water N/A 
05(409) 27/09/2005 Reading Sewage Inlet Sewage C133 x 6, C135 x 10, Unknown x 1; 
Treatment Works 34 pfu/10ml 
05(456) 20/10/2005 Reading Sewage Inlet Sewage C132 x 10, C133 x 2, C135 x 11, 
Treatment Works CB2/CB5 x 1; 77 pfu/20ml 
06(41) 19/01/2006 Reading Sewage Inlet Sewage Unknown 
Treatment Works 
04(209) 25/08/2004 Reading Sewage Inlet Sewage CBI x 1, C132 x 18, C134 x 68, C135 x 
Treatment Works 6, CB2/CB4 x 1, Polio3 x 1; 177 
pfu/60ml 
04(216) 02/09/2004 Reading Sewage Inlet Sewage CB Ix2, C132 x 40, C134 x 39, C135 x 
Treatment Works 9, CB3/CB5 x 1, CB2/CB5 x 1; 144 
pfu/60ml 
04(217) 08/09/2004 Reading Sewage Inlet Sewage C132 x 15, C134 x 48, C135 x 4, 
Treatment Works Unknown; 134 pfu/60ml 
04(234) 15/09/2004 Reading Sewage Inlet Sewage C132 x 8, C134 x 58, C135 x 1, 
Treatment Works Unknown x 1; 122 pfu/60ml 
04(239) 22/09/2004 Reading Sewage Inlet Sewage C132 x 85, C133 x 1, C134 x 23, 
Treatment Works Unknown x 3; 150 pfu/60ml 
04(240) 29/09/2004 Reading Sewage Inlet Sewage C132 x 2, C133 x 1, C134 x 10; 14 
Treatment Works pfu/20ml 
04(244) 06/10/2004 Reading Sewage Inlet Sewage C132 x 5, C133 x 3, C134 x 10 
Treatment Works 
04(264) 16/11/2004 Reading Sewage Inlet Sewage Unknown 
Treatment Works 
05(243) 20/07/2005 Reading Sewage Inlet Sewage C132 x 3, C133 x 22, C134 x 6, 
Treatment Works C135 x 8; unknown; 133 pfu/20ml 
1 10/01/2005 Reading Sewage Inlet Sewage C134 x 8, Unknown x 2; 14 pfu/14ml 
Treatment Works 
17 09/02/2005 Reading Sewage Inlet Sewage Unknown; 9 pfu/14ml 
Treatment Works 
131 26/05/2005 Reading Sewage Inlet Sewage C133 x 24; 71 pfu/20ml 
Treatment Works 
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The concentration procedure was performed in the Microbiology Laboratory, Royal 
Berkshire Hospital, Reading, by Dr. Jane Sellwood's research group. Firstly it was to 
adsorb the viruses by filtration: I OL River Water (from Thames), was adjusted to pH 3.5, 
at this pH viruses acquire a positive charge. Cellulose nitrate membrane (negatively 
charged, pore size 0.45ýtM) was used to filter the water, allowing viruses to bind. Any 
bound particles were then eluted using 200ml protein elution buffer (skimmed milk 1.7%; 
glycine buffer: 13% (w/v) polyethylene glycol (PEG) 8000, pH as 9.5) through the filter. 
The flow rate was controlled at 1.0 to 1.2 ml/minute per cm 2 of filter surface by using a 
regulated air gas cylinder as the source of positive pressure. Then the elution was 
collected and the pH was adjusted to pH 4.5, when the excess protein in the sample 
flocculated. 200ml skimmed milk (virus co-precipitate with proteins) was collected. 
Precipitated viruses were collected by centrifugation for 30 minutes at 50OOrpm, and 
Viruses were precipitated by stirring the elutes for 1.5-2 hours at room temperature or 
overnight at 4'C, after adding glycine buffer (plus 0.2M NaCI) at pH7.2, and then stirred 
for 30 minutes to allow flocculation. After discard the flocculation, the resulting pellets 
were re-suspended in 10ml 10mM phosphate buffered saline (PBS) solution. 9ml of the 
concentrated l0liters sample were used by HPA for culture analysis (cultured for 5 or 7 
days by using BGM cell line, then proceeded the ordinary detection, especially the 
Plaque Assay and they normally focus on Poly-CoxB virus group). The remaining Iml 
was sent to the Surrey University for this project. 
2.2.2.2 RNA extraction by 'RNAzol TmB' and combined with 'RNeasy Mini Kit' 
This was applied to environmental river sample from 'Reading HPX: 'River-water-17- 
04'. A 500ýd sample was aliquot into two tubes (250ýtl/tube), and 1.25[tg of tRNA carrier 
was added to each tube. 200pl RNAzolTmB and 200ýtl Chloroform were added and 
vertexed well. Phases were then separated by centrifugation at 13,80OOrpm 
for 15 
minutes at 4'C. The supernatant was mixed with 2.5 volumes 100% Ethanol and a coarse 
brown precipitate formed. This was collected by spinning and washed 
in 75% ethanol 
supernatant. The pellet was dissolved in 240[il water. The 
RNA was re-precipitated by 
addition I 00[d of 3M Sodium Acetate and 2.5 volumes 
100% ethanol. RNA was pelleted 
and washed once more and re-dissolved in 25[il of 
RNaes free water. Both tube samples 
were pooled (volume 50[d) re-precipitated and 
finally re-suspended in a total volume of 
12ýtl. 
48 
Because the environmental sample was contaminated by a coarse brown precipitate (co- 
precipitated with the extracted RNA), which inhibit the afterward RT-PCR efficiency; 
'RNeasy Mini Kit' (Qiagen) was used to purify the extracted RNA from the 
environmental sample. According to the manufacturer's instructions, in brief, RNA 
sample was adjusted to a volume of 100[il with RNase-free water. 350ýLl Buffer RLT (in 
the kit) was added to the sample, and then mixed thoroughly. 250ýd ethanol (96-100%) 
was added to the diluted RNA, and mix thoroughly by pipetting. The 700ý11 sample was 
applied to an RNeasy mini column placed in a 2ml collection tube immediately. The tube 
was closed gently, and centrifuged at 13,80OOrpm for 15 seconds. The flow-through and 
collection tube were discarded. The RNeasy column was transferred into a new 2ml 
collection tube. 500ýtl Buffer RPE (in the kit) was pipetted onto the RNeasy column, and 
then the gently closed tube was centrifuged for 15 seconds at 13,80OOrpm to wash the 
column. This was repeated by centrifuging for 2 minutes at 13,80OOrpm to dry the 
RNeasy silica-gel membrane, after discarded the flow-through. The elution was 
performed by transferring the RNeasy column to a new 1.5ml collection tube (supplied), 
and then 30-50ýtl RNase free water was pipetted directly onto the RNeasy silica-gel 
membrane; the samples was centrifuged I minute at 13,80OOrpm to elute. The RNA was 
stored at -70'C ready for the next step. 
2.2.3 RNA extraction by 'QlAamp Viral RNA mini Kit' 
2.2.3.1 Protocol of 'QlAamp Kit' 
This protocol was for the purification of viral RNA from 140[11 using a micro-centrifuge. 
Larger starting volumes, up to 560ýtl (in multiples of 140[il) could be processed by 
increasing the initial volumes proportionally and loading the QlAamp Mini spin column 
multiple times. Some samples with very low viral titers should be concentrated before the 
purification procedure. Before starting, samples and Buffer AVE (in the kit) were 
equilibrated to room temperature (15-250C); Ethanol had been added to Buffer AW1 
(in 
the kit) and Buffer AW2 (in the kit). Lyophilized carrier RNA was added to Buffer AVE 
as the concentration of I ýig/ýil to become the Buffer AVL. 560ýtl of prepared 
Buffer AVL 
containing carrier RNA were pipetted into a 1.5ml micro-centrifuge tube mixed with the 
140ýtl sample by pulse-vortexing for 15 seconds. 560[tl of ethanol 
(96-100%) was added 
to the sample mixed by pulse-vortexing for 15 seconds. This step was 
for the preparation 
of sample binding efficiently to the column, which needed to 
be mixed thoroughly with 
the ethanol to yield a homogeneous solution. 
630ýd of the solution above was carefully 
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applied to the QlAamp Mini spin column (in a 2ml collection tube) without wetting the 
rim. Centrifuge was performed at 80OOrpm for I minute. 500gl of Buffer AWI was 
added to the QlAamp Mini spin column, and the column was centrifuged at 80OOrpm for 
I minute. 500[d of Buffer AW2 was added to the QlAamp Mini spin column, and 
centrifuged at 140OOrpm for 3 minutes to do the further wash. After these two steps 
washing, 60[tl of Buffer AVE equilibrated to room temperature were added to the 
QlAamp spin column and incubated at room temperature for I minute. Centrifugation 
was performed at 140OOrpm for I minute. Then the extracted viral RNA was stored at - 
70'C ready for the next step. 
2.2.3.2 RNA extraction of environmental samples by 'QlAamp Kit' 
One of the environmental sewage samples from 'Reading HPX: 'RSTW-05-243' was 
used as an example for RNA extraction by 'QIAamp Kit'. 4ml was used to perform the 
extraction by this kit. The extraction was performed by following the procedure 
described above, but before that there was a concentration procedure of 4ml 'RSTW-05- 
243' concentrated into 560[il distilled water. This was performed by mixing acetone with 
sample 'RSTW-05-243' as 2: 1 (v/v), stood at 4'C for I hour. Then the mixture was 
centrifuged using Beckman J2-21 M/E centrifuge at 9250rpm (Rotor: JA20) for 15 
minutes. The supernatant was removed, and the pellet was dissolved into 560ýtl distilled 
water. Because there was too much inhibitor in the environmental sewage sample, two 
columns are used, and 60[tl elution buffer was used to recover RNA. In the end, the 60[tl 
elution buffer was concentrated into 30[tl volume. 
2.3 Reverse Transcript (RT) system 
RNA was reverse transcribed using M-MLV reverse transcriptase (Promega) in the buffer 
supplied by the manufacturer. Ing-10[tg total RNA was used for a typical procedure, 
in 
this case 5[tl extracted RNA was added in 25ýd PCR reaction system. 1.5[d 
OligodT12-18 
(0.5gg/gI, Promega, in the final concentration of 0.03ýtg/ýtl), was added in a sterile 
RNase-free micro-centrifuge tube with RNA. The tube was heated to 70'C 
for 5 minutes, 
and then cooled quickly on ice for 5 minutes to prepare the annealed primer/template. 
5 [tl 
M-MLV RT 5x Reaction Buffer (adjusted the final concentration of I x), 1.25[d dNTP 
mix (4 dNTPs mix, Promega in the final concentration of 
300ýIM), I ý11 M-MLV reverse 
transcriptase (10U/ýil, Promega, in the final concentration of 
0.4U/[tl), and the RNase- 
50 
free water were added to the annealed primer/template with sterile RNase-free water to 
the final volume of 25[tl and mixed gently. The reaction was incubated at 42'C for I hour, 
and then was inactivated by heating for 15 minutes at 701C. The cDNA then could be 
used as a template for amplification by PCR. 
2.4 Generic PCR amplification 
After the RT reaction, generic PCR amplification of one pair of primers in a single PCR 
system, were conducted in a sterile RNAse-free PCR tube. 1 [d (in the final concentration 
of 0.2ýM) of each of the pan-primer (forward) and the cross-reactive primer (reverse) 
(synthesized by Sigma), were added as Iýtl PCR dNTPs Nucleotides (4 dNTPs mix, 
Promega, in the final concentration of 300ýM), 2.5ýtl PCR reaction buffer (I Ox, Promega, 
in the final concentration of Ix), and 0.5ýd Taq DNA polymerase (5U/ýtl, Promega, in the 
final concentration of 0.1 U/ýtl) were added into the PCR reaction system. 5ýtl cDNA 
sample (RT sample, from RT reaction) and 11.5ýd sterile RNAse-free water were also 
added into a final volume of 25ýtl. Amplification was started by heating the reaction 
mixture to 94'C for 4 minutes to denature the samples with ABI 6700 thermocycler 
(Applied Biosystems inc., Foster City, CA). The sample was then cooled for 60 seconds 
at 55'C for annealing, and 60 seconds for elongation at 72'C, before repeating, the 
sample were de-naturated by 50 seconds at 94'C. This cycle was repeated 35 times 
before a final extension period of 10 minutes at 72'C to allow completion of prematurely 
terminated strands. 
2.5 Multiplex PCR amplification 
A multiplex PCR of three primers for two different cDNA ('BEV-DO0214' and 'CoxB4- 
X05690') samples reaction was conducted in a sterile RNase-free PCR tube, 3ý11/each; 
2.5gl one pan-forward primer 'ENT-BE' (5ýM, Sigma in the final concentration of 
0.5 gM); and I gl/each of two specific reverse primers 'HEV-B' and 'anti-BE' 
(5 ýtm/each, 
Sigma, in the final concentration of 0.2ýMeach); were applied into one PCR reaction 
tube. The other reagents were 3gl PCR dNTPs Nucleotides (4 dNTPs mix, 
5mM, 
Promega, in the final concentration of 0.6mM), 2.5 ýtl P CR reaction buffer (I Ox, Promega, 
to Ix in the final concentration), and 0.5ýtl Taq DNA polymerase (5U/[tl, Promega, 
in the 
final concentration of 0.1 U/[tl) were mixed together. 
The quantity of cDNA samples and 
different reagents was adjusted by 7ýd RNase-free water 
in the 25ýtl PCR reaction system. 
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Amplification was started by heating the reaction mixture to 94'C for 4 minutes with 
ABI 6700 thermocycler, cooled for 60 seconds at 55'C and 60 seconds for elongation at 
72'C; heating to 94'C for 50 seconds to re-denatured before this cycle was repeated 35 
times, a extension period of 10 minutes at 72'C is the final step. 
2.6 Environmental sample amplified by 'GenomiPhi V2 DNA Amplification Kit' 
'GenomiPhiTM V2 Amplification kit' was normally used for whole genome amplification 
from at least I Ong of high quality genomic DNA template. This kit was introduced to 
apply the genomic DNA obtained from the envirom-nental sample by random amplifying 
the whole genome before the specific PCR amplification. 
The usage of this 'GenomiPhi Kit' was performed as following. In brief, I ýtl of at least 
I Ong template DNA (this is the normal amount, when using environmental DNA, the 
amount needed to be adjusted according to different sample conditions) in RNase-free 
water was mixed with 9ýd Sample Buffer (in the kit). The template DNA mixture was 
denatured by heating the samples to 95'C for 3 minutes, and then cooled to 4'C on ice. 
Meanwhile, 9ýtl of Reaction Buffer (in this kit) mixed with 1ýtl of Phi29 DNA 
polymerase enzyme (in the kit) to make into the master mix and kept on ice. (The master 
mix contained all the components required for DNA amplification and would generate 
amplification products if exposed to temperatures >4'C for sufficient time). 10ýtl of 
prepared master mix was mixed with each of the prepared DNA template mixture on ice. 
This mixture was incubated at 30'C for 1.5 hours. In the end, to inactivate the Phi29 
DNA polymerase enzyme, the mixture was hearted at 65'C for 10 minutes then cool to 
4'C. The amplification products were stored at -20'C and ready for the next step reaction. 
2.7 Agarose electrophoresis 
The 100bp DNA ladder was used as molecular weight marker in the agarose gel 
electrophoresis: 5ýtl (650ng) of the ladder contained approximately 150ng of the 
500bp 
DNA fragment and 50ng of each of the other 10 DNA fragments from 100-1500 base 
pairs, stored at -20'C. The Blue bromophenol was used 
for loading DNA samples into 
gel electrophoresis wells and tracking migration during electrophoresis. 
6x loading dye 
(G190A) which runs at approximately 300bp in 0.5% to 1.4% agarose gels 
in 0.5 x TBE. 
0.36g agarose (GibcoBRL) was dissolved 
into 30ml TBE (lx) buffer, to a final 
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concentration of 1.2% (w/v); was then put into microwave at energy 70OW for 2 minutes, 
cooled down at around 40-50'C. 4-6gl EB (Ethidium Bromide, 0.5[tg/ml) was added into 
that solution. Gels were run at 150V in TBE (lx) buffer, 5gl sample was loaded with 3gl 
blue bromophenol 6x loading dye (G I 90A). I 00bp DNA ladder was run with the samples. 
The gel running took about 30 minutes, after which separation was checked under the 
UV light. 
2.8 Labeling methods 
2.8.1 First-strand cDNA labeling by 'CyScribe labeling kit' 
'CyScribe First-strand cDNA (dCTP) Labeling Kit' (GE Healthcare), combined with 
Cy3-dCTP (25nmol, l. OmM aqueous solution) and Cy5-dCTP (25nmol, I. OmM aqueous 
solution) either Cy3 or Cy5 labeled (GE Healthcare) were used to label infected cell 
RNA by using reverse transcriptase method. cDNA synthesis was primed using Oligo-dT 
from total RNA. Reactions were performed according to the manufacture's instructions. 
In brief firstly 1-3ýtl anchor Oligo-dT (in the kit), total RNA and RNase-free water were 
mixed together into a 1.5ml amber (protecting lights) microcentrifuge tube on ice, so that 
the total reaction volume could be 11 pl. It was mixed gently by pipetting up and down, 
and then incubated at 70'C for 5 minutes. It was then cooled to room temperature for 10 
minutes to allow the primers to anneal with the total RNA templates, and collected by a 
brief spin in the microcentrifuge. The labeling mix was assembled on ice by adding the 
labeling components in the following order: 2ýd DTT (Dithiotreitol, OAM), 4ýtl 5x 
CyScript buffer, 1 ýd dCTP nucleotide mix for labeling with Cy-dye-dCTP, I ýtl Cy3-dCTP 
or Cy5 -dCTP nucleotide (1. OmM) and 1 ýtl CyS cript reverse transcriptase 
(I OOU/ýtl). They 
were mixed together in the total 20ýtl reaction system. The mixture was mixed by a brief 
vortex and recovered by a brief spin in a microcentrifuge to collect all components at the 
bottom of the tube. Reactions were incubated at 42'C for 1.5 hours. The labeled cDNA 
was stored at -20'C, protecting from light and was ready 
for the next step hybridization. 
2.8.2 Direct PCR labeling method 
The second method for cDNA labeling was to incorporate the 
Cy3/Cy5 label dCTP 
directly into the PCR reaction product during PCR amplification itself cDNA was used 
as samples for PCR amplification (Section 2.4). The 
PCR reaction included I[tl Cy3 or 
Cy5 labeled dCTP (I. OmM, Amersham Biosciences), and also the following: dNTPs mix 
(Promega): 5mM dATP, dGTP, dTTP (200uM final concentration) and dCTP 
(Promega): 
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2mM (80ýM final concentration). The quantity of the first-strand cDNA sample (from RT 
reaction) was increased from 5ýLl to 15ýtl into a 25ýtl PCR (depending on the quality of 
the RT sample). The rest of the volume was made up by sterile RNase-free water. The 
reaction was set on ice. PCR amplification was carried out as section 2.4, except that 
precautions were taken to protect the tube from light. 
2.8.3 PCR products post-labeling method 
The principle of this method was based on the annealing of a mixture of random 
hexanucleotides to the primed ssDNA, labeling with Cy3/Cy5-dCTP by incorporating 
with Klenow polymerase. In brief, this method consisted in mixing 2-3ýtg genomic DNA 
with 1ýtl random primer, adding RNase-free water to make up to 41.5ýtl. The DNA 
mixture was denatured by heating 95'C for 5 minutes, centrifuged briefly, and then Put 
on ice immediately. 5[tl 10 x Klenow buffer, 1ýtl dNTPs (5mM each dA/G/TTP, and 
2mM dCTP), 1.5ýtl Cy3/Cy5-dCTP and 1ýd Klenow fragment (5U/[d) were mixed 
together, incubated in the dark at 37C overnight. The purification of the probes after 
labeling, was carried out using 'Qiagen mini-Elute kit'. The DNA was eluted twice with 
10ýtl of RNase-free water (pH: 7-8.5). 
2.9 Purification 
2.9.1 Purification of labeled cDNA with 'CyScribe GFX purification kit' 
It was necessary to remove the RNA template, whether mRNA or total RNA, from the 
single-stranded labeled cDNA to promote hybridization of the cDNA probe to 
immobilized microarray targets and to minimize hybridization with complementary RNA 
in solution. Removal of unincorporated Cy-dye-nucleotides was also necessary for 
minimizing hybridization background and for improving the sensitivity of 
detection of 
low abundance targets. The removal of RNA could be achieved in two steps: 
firstly RNA 
was degraded into short oligomers with alkaline treatment; then these short oligomers, as 
well as unincorporated nucleotides, were removed with spin column chromatography. 
The degradation of the RNA template to prevent contamination and improve the 
amplification quality was achieved by alkali hydrolysis at 
37'C in a water bath. 2ýtl of 
2.5M NaOH was added to each microcentrifuge tube containing 
labeled cDNA reactions. 
The reaction mixtures were mixed by vortexing and spun 
for 30 seconds in a 
microcentrifuge. The samples were incubated at 
37'C for 15 minutes. Then 10ýtl of 2M 
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HEPES free acid was added to each reaction tube. The reaction mixtures were mixed by 
vortexing to ensure that all of the contents were neutralized and were spun down for 30 
seconds. The labeling reactions were now ready for purification or stored at -20'C. 
TyScribe GFX Purification Kit' (GE Healthcare) was used according to the 
manufactures instructions. In brief wash buffer was prepared by adding 40ml of absolute 
ethanol to the wash buffer bottle, mixing well, prior to starting the protocol. For every 
cDNA labeling reaction to be purified, GFX column was placed into a clean collection 
tube. 500ýtl of capture buffer was added to each column. The unpurified labeled cDNA 
products were transferred into each GFX column; the cDNA was mixed by gently 
pipetting up and down 5 times. Each column was then centrifuged at 13,80OOrpm for 30 
seconds. The GFX column was removed and the liquid was discarded at the bottom of 
each collection tube. The column was returned to the used collection tube, and then 600ýd 
of wash buffer was added. This was washed through as before by a brief spin at 
13,80OOrpm for 30 seconds. The process repeated for a total of 3 washes. After the final 
wash, the liquid was discarded and each column was placed back in the used collection 
tube. Each column was centrifuged at 13,80OOrpm for an additional 10 seconds to 
remove all washing buffer in the tip of the column. The collection tube was discarded. 
Each GFX column was transferred to a fresh 1.5ml microcentrifuge tube and 60ýtl of 
elution buffer was added directly to the top of the glass fiber matrix in each GFX column 
(It was crucial that the elution buffer completely covered the membrane. ). The GFX 
column was incubated at room temperature for 1-5 minutes. Centrifuge was performed at 
13,80OOrpm for I minute to collect the purified labeled cDNA. 
2.9.2 Purification of labeled PCR product by 'QlAquick PCR purification Kit' 
Labeled PCR products could be further purified by 'QlAquick PCR purification Kit' 
(Qiagen) to get rid of primers, nucleotides polymerases, salts and un-incorporated Cy- 
dyes nucleotides. In brief, 5 volumes of Buffer PBI (in the kit) was added to volume of 
the PCR sample and mixed well. A QlAquick spin column was placed in a provided 2ml 
collection tube. The sample and the Buffer PBI mixture were applied to the 
QIAquick 
column to bind the DNA, and were centrifuged for 30-60 seconds. 
The flow-through was 
discarded and the QlAquick column was placed back into the same tube. 
0.75ml Buffer 
PE (in the kit) was added to the QlAquick column to wash and the column was 
centrifuged for 30-60 seconds. The above step was repeated 
by centrifuging the column 
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for an additional I minute. QlAquick column was placed in a clean 1.5ml 
microcentrifuge tube. 50ul Buffer EB (I OmM Tris. Cl, pH8.5) was added to the center of 
the QlAquick membrane to elute DNA by centrifuging the column forl minute. Then the 
purified elution was ready for the next step reaction. 
2.10 Microarray construction 
2.10.1 Database retrieval of viral genomic sequence 
The sequence data of the viruses were obtained primarily from the database of fully 
sequenced viral genomes in Gene-Bank. The detailed Gen-Bank numbers of all the fully 
sequenced viral genome in Picornaviridde are listed in Tables 2.3 and 2.4. 
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Table 2.3: Sequence information of all the Enteroviruses in Picornavirida retrieved from Gene-Bank. 
PICORNAJ17RIDAE-1 
Serotype Genbank number of different strains 
PV- 1: AF 111961 AF 111966 AF111981 AF111982 AF111983 AF 111964 AF 111953 
Polioviru AF405669 AF462418 AF462419 AF405666 AF538842 AF538843 AF405690 
s AF405682 AF538840 AF538841 AJ430385 AJ132961 AJ132960 AJ416942 
(PV) AY560657 AY278553 AY 184219 V01148 V01149 V01150 
PV-2: AY278552 
AF448782 
AY278550 
AF448783 
AY278551 
AJ544513 
AY278549 
D00625 
AY 184220 
M 12197 
AY238473 AY177685 
X00595 
PV-3: AJ293918 AY 184221 AF541919 X00596 X00925 X04468 K01392 
E 
N 
T 
E 
R 
0 
numan 
Enterovir 
us 
A(HEV- 
A) 
t. ýoxsaMe 
virusA 
(CV-A): 
Enterovir 
us 71: 
At I/ Pý II 
AY421765 
AF302996 
AF176044 
UUNSM 
AY421766 
AY465356 
AF119796 
v AY 186745 AY186746 
I Coxsackie 
R virusB 
M16572 M88483 
U (CV-B): AF311939 AF328683 
S 
Human AF039205 AF114384 
Enterovir CV-A9: D00627 
us B 
(HEV-B) AF029859 AY302545 
AF083069 AY302558 
Echovirus AF465516 AF524867 
(E): 
AY167105 AY167106 
X79047 AY302539 
AY302544 AY167107 
AY302551 AY302552 
AY302560 AF241359 
Swine Ves icular Disease AY429470 
Virus: 
AF268065 D00435 D16364 X54521 
Human AF499635 
Enterovir Coxsackie AF465513 
us C virus: 
(HEV-C) AF499642 
AF499636 
AF499640 
AF465515 
AF465511 
AF499639 
AF546702 
AF499637 AF499638 AF465512 AF499639 
AF465513 AF499640 AF499641 AF465514 
D00538 AF499643 D90457 
Human Enterovirus D (HEV-D): D00820 
Porcine Enterovirus A (PEV-A): AF405813 
Porcine Enterovirus B (PEV-B): AF363453 Y14459 AF363455 
Bovine Enterovirus (BEV): AF123432 AF123433 D00214 
Simain Enterovirus A: AF201894 
Simian Picornavirus 1 (SV2): AY064708 
AY421760 AY421761 AY421762 AY421763 AY421764 
AY421767 AY421768 AY421769 
AF316321 AF352027 AF119795 AF304458 AF136279 
AF304457 AF304459 U22521 U22522 
AY186747 AY186748 M16560 AF081485 AF085363 
M33854 AF231764 AF231765 AF231763 U57056 
S76772 X05690 AF114383 X67706 AF105342 
AF465518 AY302553 AF230973 AY302557 AF233852 
AF465517 U16283 AY036579 AY036578 AY302559 
AF524866 X84981 X92886 AY167103 AY167104 
AJ577590 AJ577594 AJ577589 X80059 X77708 
AY302540 AY302541 AY302542 AY302543 AF317694 
AY302546 AY302547 AY302548 AY30549 AY302550 
AF162711 AF311938 AY302554 AY302555 AY302556 
AJ493062 
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Table 2.4: Sequence information of Picornavirida excluding Enterovirus, retrieved from Gene-Bank 
PICORNAVIRIDAE-2 
Serotype Genbank number of different strains 
Avian Encephalomyelitis Like Virus: AY517471 AY275539 AJ225173 
HEP- Human AF485328 AF512536 AF268396 AF314208 AF357222 AB020569 AB020564 
ATO- Hepatit Hapatitis AB020565 M14707 M20273 M 16632 M59808 M59809 M59810 
VIR- isA A virus AB020567 AB020568 AB020566 AY644670 X75214 X75215 X75216 
us Virus (HHAV): X83302 K02990 
(HAV) Simian Hepatitis A Virus (SHAV): D00924 
ERBOVIRUS Equine Rhinitis B Virus (ERBV): X96871 AF361253 
KOBUVIRUS Aichi Virus: ABO10145 AB040749 
Bovine Kobuvirus: AB084788 
AF296100 AF296103 AF296104 AF231768 AF296102 AF231769 AF231769 
TESCHO- Porcine AJO 113 80 AB038528 AF296107 AF296109 AF296087 AF296108 AF296088 
VIRUS Tescho- AF296111 AF296113 AF296089 AF296112 AF296090 AF296115 AF296117 
virus AF296091 AF296092 AF296118 AF296093 AF296094 AF296095 AF296119 
(PTV): AF296096 
CAR- Encephalo- AF356822 X74312 M37588 M22458 X87335 M22457 L22089 
DIO- myocarditis M81861 AY296731 
VIR- Virus (EMCV): 
us Theilovirus Theiler's Murine Encephalomyelitis Virus: M16020 M20562 M20301 X56019 
(ThV) Therler' Like Virus of Rats: AB090161 
Equine Rhinitis A Virus (ERAV): L43025 X96870 
AF 308157 AF506822 AF511039 AF026168 AF397945 AF154271 AJ539137 
AJ539139 AJ539138 AJ539136 AJ539140 AJ539141 AJ320488 AJ633821 
AY312587 AY312589 AY317098 AY333431 AY593815 AY593814 AY593813 
A FMDV-0 AY593812 AY593811 AY359854 AY593832 AY593833 AY593834 AY593835 
P AY593831 AY593830 AY593828 AY593828 AY593826 AY593824 AY593821 
H Foot- AY593820 AY593819 AY593818 AY593817 AY593816 AY593836 AY593837 
T And- AB079061 X00871 
H Mouth AY593788 AY593790 AY593791 AY593793 AY593794 AY593803 AY593766 
0 Disease AY593767 AY593786 AY593787 AY593792 AY593801 AY593802 AY593783 
V Virus AY593751 AY593752 AY593753 AY593754 AY593755 AY593756 AY593757 
I (FMDV) FMDV-A AY593758 AY593759 AY593760 AY593761 AY593765 AY593785 AY593780 
R AY593768 AY593770 AY593771 AY593772 AY593773 AY593774 AY593775 
U 
AY593776 AY593777 AY593778 AY593781 AY593779 AY593784 M10975 
S 
X74812 X00429 
FMDV- AY39U432 
Asial AY593796 
FMDV-C AJ133358 
AY593806 
FMDV- ýýY--593844 
SAT 
PARECHOVIRUS Human Parechovirus: 
Ljungan virus: 
RHINOVIRUS HRV- D00239 
(HRV) A 
HRV-B T0108-7 
AY593795 AY593797 AY304994 AY593798 AY593799 AY-')9JZSUU 
AJ133357 
AY593807 
AJ133359 
AY593808 
AF274010 AY593810 AJOU734'/ AJUU/-*)/Z 
AY593809 
AY593849 AF540910 AJ251473 
L02971 S45208 AF055846 AJO05695 AB084913 
AF327920 AF538689 AF327921 AF327922 
X02316 L24917 M16248 
K02121 L05355 
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2.10.2 Microarray fabrication 
2.10.2.1 Design of the general control probe 'MWG Arabidopsisq 
A general control probe oligo was synthesized by MWG Company and not related to the 
probes in Picornaviridae, which here is termed as 'MWG Arabidopsis'. The sequence of 
this oligo is: 5'-TTTGGACAAGATTATCGATTACATTAAGAGGGAACA-3'. Table 2.5 
is listed the parameters of Cy3 and cy5 labeled (5' labeled) reverse 'MWG Arabidopsis' 
oligo, which will hybridize with that printed on the microarray. 
Table 2.5: Cy3 and cy5 labeled reverse 'MWG Arab idopsis' oligo probe 
'MWGArabidopsis'-Cy3 
(59-3'): 
TGTTCCCTCTTAATGTAATC 
GATAATCTTGTCCAAA 
'MWG Arabidopsis'-Cy5 
(59-3'): 
TGTTCCCTCTTAATGTAATC 
GATAATCTTGTCCAAA 
Amount 1.50D 6.60D 
44ýtg 195Rg 
3.9nmol 16.9nmol 
Concentratin (Volume I ml) 4pmol/Rl l7pmol/Rl 
Volume for 100 pmol/[tl 39[tl 77RI 
Molecular Weight 11467 g/mol 11493 g/mol 
Tm 64.9 *C 64.9C 
Length 3 6mer 36mer 
GC content 33.3% 33.3% 
Scale 0.0 1 ýtmol 0.01ýtmol 
Purification HPLC HPLC 
2.10.2.2 Microarray layout design 
The arrangement of probes printed on this microarray was called microarray layout. 
There have been six layout improvements relating to the project's requirements, which 
will be described in Chapter III in detail. 
2.10.2.3 Making plates 
2.10.2.3.1 Buffers for making plates 
The printing buffer used differed according to different microarray 
layouts, which were 
listed in Table 2.6. The printing buffer for the last microarray layout, which was used of 
probes printing for the environmental sample detection, was composed of 
150mM Buffer 
P04 3- 
ý 0.0025% 
SDS and 0.0025% Tween2O. 
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Table 2.6: Printing buffer organization 
Printing time 
Probe oligos 
final concentration 
15L 20gM 
2 nd -5 slides 50gM 
P 
- 10 slides 50gM 
4"' - 10 slides 50gM 
5'h -5 slides 20gM 
6"' -5 slides 50gM 
Printing buffer 
50MMP04 - 
50MMP04 3- + 0.005% SDS 
50MMP04 3- + 0.005% SDS 
150MMP04 3- + 0.005% Tween 20 
150MMP04 3- + 0.0025% Tween 20 + 0.0025% SDS 
150MMP04 3- + 0.0025% Tween 20 + 0.0025% SDS 
2.10.2.3.2 Procedures for preparing the printing plate 
The following master solutions were made in advance: 
Master solution I ('MWG Arabidopsis'): 
1.5ýd printing buffer + 0.5ýd 'MWG Arabidopsis'+ 8ýtl water x 16. 
Master solution 11 (buffer only): 
1.5ýd printing buffer + 8.5[d water x 16. 
Master solution III (mixture of 'MWG Arabidopsis' and specific probes): 
1.5 ýtl printing buffer + 0.5 ýtl 'MWG Arabidopsis' + 2ýd specific probe + 6ýtl water x 126. 
Master solution IV (specific probes only): 
1.5ýfl buffer + 2ýtl probe + 6.5gl water x 98. 
The plate organization is listed from Figures 2.1 to 2.3. For Figure 2.2, the arrangement 
of the plate was 2ýtl each of the specific probes mixing with 0.5gl 'MWG Arabidopsis' 
together, showing in black; the green represents the 2ýd each of the specific probes only 
without 'MWG Arabidopsis'. (for probes: '59-F- F, '60-F-2% '61 -F-3'5 '62-F-4' and '63- 
F-5'. showing in orange, add 5ýtl each of the specific probes according to the original 
concentration, with 0.5gl IOOmM 'MWG Arabidopsis' together. For Figure 2.3, the 
arrangement was added 3ýd each of the specific probes according to the original 
concentration and 0.5ýtl 100mM 'MWG Arabidopsis' together, showing 
in blue. In the 
designed certain wells with specific probes only showing in purple, 
different quantity 
probes were added into the certain wells according to their concentration. 
The rest of the 
reagent was the water to make up every well's volume as 
10ýtl, for the 'MWG 
Arabidopsis' only, certain more water was added as there was no specific probe 
inside. 
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2 31 4 6 7 8 9 1 10 11 1 12 13 1 14 15 16 
A 
54-PV-2 42-PV-2 63-F-5 Buffer 
B 'MWG Arabidopsis' 
3 8-PV- I 39-PV-1 61 -F-3 62-F-4 
c only Water 37-PV-1 53-PV-1 I-CV-BI 60-F-2 
D 
35-PV-1 36-PV-1 45-EV-70 59-F-I 
E 
3-CV-B2 29-HPeV-2 6-CV-A9 5-CV-B3 
F 
26-HAV 25-EV-71 2-CV-B I 4-CV-B3 
G Water 14-CV- Empty 
B6 31 -HPeV-3 19-CV-A 16 12-CV-B5 
H 20-EV- 
71 21 -EV-71 13-CV-B5 11-CV-B5 
47-HEV- 7-CV-B4 43-PV-3 44-PV-3 B4 
8-CV-B4 9-CV-B4 40-PV-2 41 -PV-2 
K 48-HEV- 50-HEV- Empty 58-HEV-B 55-PV-3 Buffer B4 A 
L 49-HEV- 52-P-(PV 10-CV-B4 B4 +HEV-C) 
34-PV 
M 28- 17-CV- 27-HAV 18-CV-A16 HPeV-1 A16 
N 51-P- 24-EV- 16-E-30 30-HPeV-2 'MWG Arabidopsis' 
HHAV 71 
0 57-P- 46-BEV- 32- 23-EV-71 Buffer only 
BEV 2 HPeV-5 
P 56-HEV- 15-E-30 33-PTV 22-EV-71 c 
Figure 2.1: First plate for microarray layout VM4 (see Chapter 111) by mixing 'MWU Arabiaopsis, witn 
specific probes 
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11 2 31 4 5 II_ [ 1-2 13 1 -14 15 1 16 
A 
-1 1ý, _U, - 54-PV-2 42-PV-2 (,, ,ýz 811 - 1: 1 Ný -I- 
B 'MWGArabidopsis' 634-5- 3-CV-1)12- 38-PV-1 39-PV-1 61 33 
only 
c 
I -CV-1" . 3) )5 37-PV-1 53-PV-1 I-CY-BI 
D 122-CV-135- 3 74 1 V- I- 35-PV-1 36-PV-1 45-EV-70 5f4_!, _j 
E 40-11V-2- 3-CV-B2 29-liPeV-2 624 -2-CV-1.11- 6-CV-A9 5-CV-B3 
F 
5-C -B-- ýý4-PV-2- 26-HAV 25-EV-71 
I V_ 217-11,7ýN- 2-CV-BI 4-CV-B3 Al6- 
G 
, 4-PV- 10-cv-34- 14-CV-6 31 -][]PeV-3 II -CV435- _p, f, v , `ý I- 
19-CV- 12-CV-B5 
- . A16 
H I Q_C V_ 40-111. V- - A! 20-EV-71 21-EV-71 1 -C V-B I- 13-CV-B5 11-CV-B5 
47-IiEV- 7-CV-B4 11V-71- 21-1 61-F-3- 43-PV-3 44-PV-3 B4 . 
8-CV-B4 9-CV-B4 44-PV-3- 43-1'V---, - 40-PV-2 41-PV-2 Buffer 
K 48-IIIEV- 50-P-IIEV- 15-J-I'-_', '0- `v_ I- 58-BEV-B 55-PV-3 B4 A 
L io-cV- 49-BEV- 48-1 v- 52-P-(PV+ 
B4 B4 ;; 3 -i Yv_ f34- HEV-C) 34-PV 
m 
27-HAV 28-BPeV-1 17-CV-AI6 19-CV-A16 4.1 -'PV-2- [JII-IAV- 9-cv-134- 9-Cv-H4_ 
N 51-P- 24-EV-71 16-E-30 30-1[]PeV-2 42-IN-2- 
17-CV- 
A 16 7-CV-134- 
47-TIEV- 
HHAV 1 - 
10 57-P- 46-BEV-2 32-11]PeV-5 23-EV-71 
49- 11 IF 
B4- 
ý2-P41? v 
BEV 
iP 56-IIEV- 15-E-30 33-PTV 22-EV-71 50 TE, V- A- 14-' . V-B6- c 
Figure 2.2: Second plate for microarray layout VM5 (see Chapter 111) by mixing -mwtjAraviaopsis wim 
specific probes together. 
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11 2 3 4 51 6 71 8 0 11 1 12 13 1 14 6 
A 
13-CV-B5 13-CV-B5- 29-lipeV-2 29-HpeV- 45-EV-70 45-EV-70- 2- 
B 
'MWGArabidopsis' 14-CV-B6 14-CV-B6- 57-P-BEV 57-P-BEV- 46-BEV-2 46-BEV-2- 
only 
c 
30-IlPeV-2- 15-E-30- 5-CV-B3 5-CV-B3- 47-HEV- 47-HEV- B4 B4- 
D 
58-TIEV-B 16-E-30- 49-HEV- 49-1-IEV- 48-fiEV- 48-IIEV- B4 B4- B4 B4- 
E 
I-CV-BI I-CV-Bl- 17-CV-AI6 17-CV- 33-PTV 33-PTV- - 32-11peV-5 32-1-lPeV- A16- 5- 
F 
2-CV-BI 2-CV-Bl- 18-CV-A16 I 8-CV- 34-PV 34-PV- 50-P-IIEV- 50-P-BEV- A16- A A- 
G 
3-CV-B2 -33-CV-B2- 37-PV-1 37-PV-1- 35-PV-1 35-PV-1- 
51-P- 51-P- 
HHAV HHAV- 
H 52-P-(P 52-P-(P 4-CV-B3 4-CV-B3- 59-F-1- 53-PV-1 36-PV-1 36-PV-1- V+IIEV- V+IiEV-C) 
I C)- 
')I-I]PeN[- 31-1]PeV- 19-cv- 
3 3- 60-F-2- 21-EV-71- 19-CV-AI6 A16- 
6-CV-A9 6-CV-A9- 61 -F -3 - 22-EV-71- 38-PV-1 38-PV-1- Buffer 
7-CV-B4 7-CV-B4- 41-PV-2 23-EV-71- 39-PV-1 39-PV-1- 
8-CV-B4 8-CV-B4- 41-PV-2- 24-EV-71 - 40-PV-2 40-PV-2- 
28-1]PeV- 28-1-lPeV- 25-EV-71 25-EV-71- 62-F-4- 63-F-5- 20-EV-71- 53-PV-1- 
lo-c-"V- 10-CV-B4- 26-HAV 26-1-IAV- 42-PV-2 42-PV-2- 54-PV-2 54-PV-2- B4 
ii-cv- 11-CV-B5- 27-HAV 27-1-IAV- 43-PV-3 43-PV-3- 55-PV-3 55-PV-3- B5 
12-CV- 12-CV-B5- 9-CV-B4 9-CV-B4- 44-PV-') 44-PV-3- 56-FIEV-C 56-IIEV-C- B5 I I I I I I- I 
Figure 2.3: Tbird plate for microarray layout VM6 (see Chapter 111) by M1XMg -MWU Aratnaopsis wim 
specific probkes 
2.10.3 Probe printing 
The oligonucleotide probes were synthesized by Operon Techologies with C6 amino 
linker modification at the 5'-end to enhance covalent attachment to the activated coated 
glass slide (UltraGAPSTm coated slides, Corning, Figure 2.4), and printing was 
performed using the 'GENETIX QARRAY2' printing robot (Figure 2-5). 
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Figure 2.4 UllraGAPSTIII coated slides 
Q, 4 _p ýy2 
Figure 2.5 Printing machine GENETIX 
Oligonucleotide probes were re-suspended in RNase-free water and aliquoted in replicate 
master plate so that the amount of oligonucletide in each well was 200pmoles. The 
oligonucleotides were re-suspended at 20[tM or 50[tM in 150mM sodium phosphate 
buffer (Na2HP04, pH8.5), spotted in duplicate on each array The spotted DNA was 
bound to slide by UV-cross-linker (CL-1000 Ultraviolet Crosslinker), at the energy as 
65 [tJ/CM 2, after the printed slides was left in the printing robot for 12 hours to dry out. 
Slides were then stored in the dark at room temperature ready for hybridization. Probes 
appeared as 'spots I in the final image where each spot represented a unique probe 
sequence and spots were usually 100-200ýtm in size and separated by 200-500ýtm of each 
other. 
2.11 Hybridization 
2.11.1 Hybridization solution preparation 
The 'Pronto! TMUniversal Hybridization Kit' (Coming), provided all of the reagents 
necessary to perform hybridizations of fluorescently labeled cDNA to microarrays 
printed on Corning UltraGAPSTm Coated Slides. The hybridization solution included 
'Wash Solution 1,. 11 and I][['. The 'Wash Solution F was prepared by mixing 447.5ml of 
deionized water with 50ml of 'Wash Reagent X and 2.5ml of 'Wash Reagent B' (in the 
Kit). The 'Wash Solution 11' was made by mixing 1425ml of deionized water with 75ml 
of 'Wash Reagent X. And 'Wash Solution 111' was made by mixing 300ml of 'Wash 
Solution 11' with 1200ml of deionized water. 
2.11.2 Hybridization protocol of the 'Pronto! TM Universal Hybridization Kit' 
Hybridization was carried out by using the 'Pronto! TM Universal Hybridization Kit' 
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(Figure 2.6), according to the manufacturers instructions. The kits offered a special Pre- 
Soak step that reducing any problems of high background that were sometimes caused if 
slides had been stored for a long time. For best results,, it was important to use the 
maximum possible volume of wash solutions per array, and to ensure that the whole slide 
was exposed to the wash solution. 
Figure 2.6 ll-lrojitoý ", ý Unk, cfsa' Kit 
2.11.3 Pre-Soak and Pre-Hybridization 
The 'Universal Pre-Soak Solution' (in the kit) was heated to 42'C for 30 minutes. I 
'Sodium Borohydride Pre-Soak Tablet' was then added per 100ml of 42'C 'Pre-Soak 
Solution'. and allowed to dissolve completely. The arrays were then immersed in this 
solution and incubated at 42'C for 20 minutes. Following this the arrays were transferred 
to 100ml 'Wash Solution 11% and incubated at ambient temperature for 30 seconds. This 
was repeated once. After this the arrays were transferred to 100ml "Universal pre- 
Hybridization Solution' (in the kit) and incubated at 42'C for 15 minutes. Arrays were 
then transferred to 'Wash Solution 11' again for I minute at ambient temperature before 
transferred to 100ml 'Wash Solution 111%. and incubated for 30 seconds at room 
temperature. The stage was repeated once. Finally, arrays were washed in distilled 
nuclease-free water for 30 seconds at room temperature, and dried by centrifugation at 
2500rpm for 2 minutes. Arrays were then placed face up on a fresh clean room wipe. 
2.11.4 Hybridization procedure 
In order to carry out the hybridization, the 'cover glass",. which was made from zinc 
titanic glass and was 0.13 to 0.16mm thick, (Figure 2.7, Corning) was washed briefly, 
with nuclease-free water, followed by ethanol, and allowed to air-dry in a 
dust-free 
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environment. Meanwhile the labeled oligonucletides were dissolved in 'Hybridization 
Solution' (in the Kit). For cDNA or long oligonucleoticle arrays (>50mer), they were 
7 dissolved in Tronto! Long Oligo/cDNA Hybridization Solution 
. 
For short 
oligonucleotide arrays (-30mer), they were dissolved in Pronto! Short Oligo 
Hybridization Solution), and incubated at 95'C for 5 minutes, - then was centrifuged 
briefly to collect. The array was then placed into the 'Corning Hybridization Chamber' 
(Figure 2.8) and 20-30[tl of labeled solution was pipette onto the array. Finally, the cover 
slip was carefully placed over the array. The chamber was sealed and incubated at 42'C 
for 12 to 16 hours. 
Figure 2.7 Cover glass 
2.11.5 Post-Hybridization washing 
Figure 2.8 Coming Hybridization 
Chamber 
For best results,, maximum possible volume of wash solutions was used per array to 
expose the entire slide to the wash solution. Following hybridization the chambers were 
disassembled 'printed side up' and immersed in wash solution, preheated to 42'C until 
the cover slip moved freely away from the slide. At this point arrays were transferred to a 
fresh container of 100ml 'Wash Solution I' preheated at 42'C. Incubation was continued 
for 5 minutes with gentle agitation. Arrays were transferred to 'Wash Solution 11, and 
incubated for 2 minutes with gentle agitation. This step was repeated in a fresh container. 
Arrays were then transferred to 'Wash Solution 111', and Incubated for 2 minutes with 
gentle agitation. This step was repeated once in a fresh container. All the washing steps 
were preformed at ambient temperature. Finally arrays were dried 
by centrifugation at 
2500rpm for 2 minutes, and stored in lightproof container until ready to scan. 
2.12 Microarray scanning 
Slides were scanned on a Molecular Dynamics Generation III scanner to 
detect Cy3 and 
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Cy5 fluorescence, using light of 570nm (for Cy3) and 694nm (for Cy5). Raw data was 
read and analyzed by 'BlueFuse' image analysis software. The analyzed illustration is 
described in Chapters V and VI. 
2.13 DNA sequencing of virus PCR product clone 
The cells used for the transformation was DH5aTM competent cells (0.01ýtg/ml). The 
plate for bacteria growing was plate 'LB/A/I/Xl, 'N represents Ampicilin, '1' represents 
IPTG (Isopropy B-D-1-thiogalactopyrano side)' and A' represents X-gal (galactoside and 
indole), which made from mixing 200ýtl Ampicilin (500x), 250ýtl X-gal (20%), 100gl 
IPTG (O. IM) with LB buffer together. (lOg Bacto-Tryptone, 5g Bacto-Yeast extract and 
I Og NaCl were added in 900ml H20- PH was adjusted to 7.0 with I OM NaOH to IL with 
H20-) 
PCR products were cloned by first extraction the amplified DNA from an agarose gel to 
remove primers and non-specific amplification products. The recovered DNA was then 
ligated to a specialized vector (pGEMTEasy). Ligated vectors were then used to 
transform E. coli cells and transformants were recovered by antibiotic selection and 
screened for the presence for inserted DNA. 
2.13.1 Gel extraction 
The gel extraction is according to the gel extraction kit manufacture (QIAGEN). The 
region of gel containing the DNA band was excised under UV light transferred to a 
micro-centrifuge tube and weighted. QG solution (in the kit) was added according to the 
ratio as 3: 1 (volume: weight). The sample was incubated at 50'C for 10 minutes, until the 
gel disappeared. A volume of isopropanol equivalent to the weight of the gel was added. 
One gel extraction column was placed into a clean collection tube and all the solution 
was added then centrifuged at 130OOrpm for 1 minute. Column was then removed and 
the liquid at the bottom of the collection tube was discarded. 700ýtl buffer PE was then 
added for washing, before washed through by the same spin at 130OOrpm for I minute, 
it 
stood for 2-5 minutes. The wash was discarded and the column was removed 
into a new 
tube, and then 30-50ýtl buffer EB (in the kit) was added and stood 
for I minute. The 
centrifuge was processed as the same as before at 130OOrpm 
for I minute, the liquid at 
the bottom of the tube was collected and then its condition was measured. 
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2.13.2 Ligation 
Vector DNA was prepared by cutting with appropriate restriction endo-nuclease(s), and 
dephosphorylate; the concentration was adjusted to 20ng/ýtl (The 'BEV-DO0214' PCR 
product's concentration was 13.8ng/ýtl, 1.5ýtl was taken and the 20ng 'BEV-DO0214' 
PCR product was ready for ligation. ). To obtain maximum transformation efficiency, the 
experimental DNA must be free of phenol, ethanol, protein and detergents. The 
concentration of the vector (PEGM+Easy) was 50ng/ýtl, diluted the vector 5 times 
making the concentration as lOng/[tl. The quality of the product and the vector was 
according to the ration as 5: 1, such as the vector was 3000bp; the reaction quality was 
IOng, while the 'BEV-DO0214' PCR product was 600bp, the reaction quality needed to 
be 2ng. (For ligation required a 3: 1 molar excess of insert DNA to vector DNA and I Ong 
vector DNA per ligation mix. For PCR product needed 5: 1 molar excess. Thus for a 
vector of 3kb, and insert of 500bp = lOng vector and 20ng insert). The detailed method 
of setting up the ligation mixture was: I ýtl I Ong Vector, 1.5 ýtl 1 Ong 'BEV-DO0214' PCR 
product, 1 gl T4 DNA buffer (original concentration was 10 x and diluted as I x), and I gl 
PEG (25%, DS Nested Deletion Kit) were mixed together as the total volume 4.5gl, and 
then made up for the total volume as 1 Oul with sterile water. The mixture was chilled on 
ice for 7 minutes. 1 gl ligase enzyme was added and mixed well, before quickly spin them 
down. 30ýtl paraffin oil was added on the top of the mixture and then incubated at 16'C 
overnight (during the preparation the tube should be kept chilled, did not allow tube to 
wann above 20'C). 
2.13.3 Transformation 
Competent cells were removed from -70'C freezer; E. coli DH5 was thawed on 
ice and 
placed 50ýd in a pre-cooled 1.5ml eppendorf tube for each transformation. Any unused 
competent bacteria were refrozen by snap-frozen in the dry ice/ethanol bath for 5 minutes 
before returning them to the -70'C freezer. For DNA from 
ligation reactions, the 
reactions were diluted 5 fold in lOmM Tris-HCI (pH 7.5) and I mM 
Na2EDTA. lgl of the 
dilution was added to the cells (I -I Ong DNA), moving the pipette through the cells while 
dispensing. The addition of O. 2M EDTA I [LI and distilled H20 9gl was mixed to 
dilute 
ligation. This distilled mixture was used as 1-10gl per shot of competent bacteria 
in a 
transformation. 7gl ligation mixture was took out after quickly spin 
down, and then 
gently mixed with 50gl Ecoliah5 into the chilled tube, stood on 
ice for 30 minutes. Step 
heat shock proceeded at 50'C for 45 seconds without shaking, and 
then stood on ice for 
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5 minutes. 200ýtl LB buffer was added into this tube gently mixed and then incubated at 
37'C, with shaking at 225rpm, for 1 hour. 
Meanwhile, the transformation mixture was divided between four prepared LB/A/l/X 
agar culture plates. The plate was dried and then incubated at 37'C overnight. After 
incubation the plate was stored at 4'C. White points growing on the plate were chosen 
and spread into 5ýtl LB buffer with 10ýtl Ampicillin (25mg/gl). They were cultured into 
culture hood overnight with shaking at 225rpm. 
2.13.4 Mini plasmid extraction 
The LB buffer culture was taken out as 1.5[tl and added into a new tube, centrifuged at 
80OOrpm for 1 minute to collect the pellet on the bottom. 100ýtl re-suspension solution 
was added to re-suspend the pellet, and then mixed gently with 200ýtl lysis buffer. Finally, 
150ýtl neutralization solution was added into the tube, mixing well, and stood on ice for 5 
minutes. The centrifuge was preceded at 140OOrpm for 5 minutes. The supernatant with 
plasmid was collected into a new tube, and then 400ýd phenocloform (PCI) was added 
and vertexing well. The mixture was centrifuged at 140OOrpm for I minute, and the 
upper layer supernatant was collected. Iml 100% ethanol was added, before stood in 
room temperature for 10 minutes mixing them well. The plasmid pellet was collected on 
the bottom by centrifuging at 140OOrpm for 15 minutes, and was washed with 100ýtl 70% 
ethanol by centrifuging at 140OOrpm for 10 minutes. The supernatant was removed and 
the pellet was air dried, after that 20ýtl TE solution was added to dissolve the plasmid 
pellet at 37'C for 10 minutes. In the end, the solution was stored at -20'C and ready for 
enzyme digestion. 
2.13.5 The restriction enzyme digestion system 
The EcoRI restriction enzyme 0.5ýil was mixed with 4ýtl plasmid, 2ýtl reaction buffer for 
EcoRI, 2ýtl BSA and 11.5gl distilled water together into the 20gl digestion system. The 
mixture was incubated at 37'C for 2 hours. After the preparation, the clones were sent to 
the Lark Company for sequencing. 
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CHAPTER III: DESIGN OF DNA MICROARRAY FOR VIRUS 
DETECTION ESTABLISHMENT 
3.1 Chapter introductions 
Microarray technology was considered to be a potentially useful tool for the detection of 
viruses in environmental samples, where there is the high possibility that many different 
viruses are present. This approach screens for multiple viruses simultaneously and is 
sufficiently rapid so that multiple samples can be analyzed in a short time. There are 
several steps in the design and implementation of a microarray experiment, illustrated in 
Figure 3.1. They are microarray fabrication (describe in this chapter), sample preparation 
(describe in Chapter TV); hybridization assay, signal readout; and data analysis (describe 
in Chapter V and Chapter VI). 
AAAA. 
^A AA 
D- 
-r--vverse Transcription 
A AAA 
Labeling and Amplification 
Hybndization 
Scanning and 
Reading out 
1-0 
Figurc 3.1 General steps of the Nhcrorray experiment 
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In this chapter, we will consider mainly the microarray fabrication. We aim to establish a 
microarray platform printed with specific probes based on the alignment of different 
virus sequences, which will hybridize with the labeled amplification products in order to 
identify suitable probes for virus detection. 
The microarray probe design and fabrication was one of the most critical steps in this 
project. Probes should be as specific as possible so that detection of a signal on a 
microarray will identify one specific reaction product (or group of reaction products) 
from amongst a mixed population of amplification products; thus, the presence or 
absence of a virus can be determined and potentially even the serotype could be 
distinguished. Other probes could be designed that are more generic and thus 'catch-all' 
in nature. These probes are required because knowledge is incomplete: not all viruses 
have been characterized and therefore some cross reactivity is desirable, so that 
uncharacterized viruses not recognized by the specific probes would not be missed. Both 
specific and generic probes were included on the array design adopted for this project. 
Suitable probes must be designed in the region between the positions of the respective 
pair of primers used for the PCR amplification of the target, because amplified PCR 
products that are going to be used as targets that will hybridize with the probes on the 
microarray. The length and the Tm (defined as temperature, in liquid, at which 50% of 
the oligonucloetide and its perfect complement are in duplex) of the probes are also 
important. It is important that all probes hybridize well under the same conditions, since 
hundreds or thousands probes will be printed together on the microarray, and will 
hybridize with the target at the same time. The probe size required is also affected by the 
way the probe will be bound to the slide surface; the probe should not be too short; 
otherwise it will reduce the stability of the hybrids. Normally, a length around 50 to 70 
nucleotides achieves good stability (Li, 2001). 
Generally, for the data analysis and especially the normalization, there is a need to mix 
together a general control probe (a single oligo-nucleotides, consisting of a sequence 
unrelated to known viral sequences), with every specific probe printed on 
the microarray. 
In this condition, the noise in the background would 
be easily recognized and the 
hybridization signal could be recognized in the similar background 
level, which makes 
the signal more reliable. This will be discussed 
in detail in Chapter V the general control 
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oligo used in this project represents a gene specific oligo for an Arabidopsis Thaliana 
genome that has been chosen because the sequence is unrelated to viral sequence and 
serves as a reference in the microarray experiment. 
3.2 Results 
3.2.1 Specific probe design 
Multiple alignments of viral genomes were performed using alignment software 
'ClustaIX'. These alignments form the basis for selection of both probe and the PCR 
primer pairs. The critical difference between them is the way in which they are used: 
PCR primers should be well conserved between the viruses that we want to detect using 
the microarray hybridization approach, whilst probes should identify the individually or 
specific sub-groups, The alignment of the sequences of the sequence in the RNA 
dependent RNA polymerase gene of the CoxB4 strains is illustrated in Table 3.1. Probe 
design is described taking as an example, one of the CoxB4 strains: 'X05690' 
(Gene-Bank Accession Number). 
In Table 3.1 . below, the pair of PCR primers are highlighted in green, the nucleotides 
marked in grey shaded boxes show the differences among all the Cox134 strains at that 
position and the symbol '-' stands for a nucleotide missing in some of the strains. Pink 
highlights the sequence from number 75 to 118 nucleotides, and this segment is the probe 
specifically selected for the A05690' sequence. In these nucleotides stretches, some of 
them are underlined to show the positions at which they differ from the other three. 
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Tab 
, 
le 3.1: Example of probe design demonstrated by the segment of the RNA dependent RNA polymerase gene of the 
strain- 'CoxB4-XO5690'-l green marked segments are the pair of primers for PCR amplification-. the nucleotides marked 
in shaded boxes shows the difference among the strains by alignment; and the symbol '-' shows the lacking nucleotide 
in the sequence. Pink highlighted segment is the probe selected for X05690, underlined nucleotides show the 
completed difference from the other three. 
Strains Sequence Alignment 
---------------- 10 ----------------- 20 ----------------- 30 ----------------- 40 ------------------- 50 ---------------- 60 ------------------- 70 ----------- 
X05690 GATTGCA TCXFAT CCTTGGCCC AT AGACGCCTCTCTGCTCGC TGAAGC TGG 
T AF, 328683 Gc GAI'TGC'I-fCT TACCCGTGGCCC AFTGA TGCCTCACTA TTAGC TG AA GGGAA 
AF311939 CATTGCGTCA TACCCACA TCCT ATTGA CGCCTCACTGCTAGC AG AAGCTGGAA 
S76772 CATTGCGTCA TACCCACT ACCT ATTGA CGCCTCACTGCTAG-C AG A AGCTGGAA 
------- 80 ------------------ 90 ----------------- 100 ----------------- 110 ----------------- 120 - -------------- 130 ---------------- 140 ---------------- 150 
X05690 TTAACGA AGTCACCTGGACT AATGTCACC GTT 
. AF328683 AAGATTATGGTTTGATCATGACTCCAGCAGACAAAGGTGAATGCTTTAATGAGGTAACCTGGACAAATGTGACT 
AF311939 AAGGCTATGG CTTGATT ArGACACCAGCTGAC AAAGGG GAGTGCTTTAA CGAGGTAACCTGOACT AATGTCACC 
S76772 AAG(3CTATGG CTTGATT ATGACACCAGCTGA T AAAGGG GAGTGCTTTAA CGAGCTAACCTGGACT AATGTCACC 
------------------- 160 ---------------- 170 ---------------- 180 --------------- 190 --------------- 200 ---------------- 210 ----------------- 220 ---------- 
X05690 TTTCT AAAG-AGGTATTT TAGAGCAGATGAACAATACCCTTTC TI'GGTTCACCCAGTGATGCCCA TGAA AG ACATCC 
AF328683 TT-ECTGAAAAGGTACTTCAGGGCTGATGAGCAGTACCCATTCCTGGTCCATCCTGTTATGCCAATGAAGGACATAC 
AF311939 TTCCTAAAAAGGTACTT TAGAGCTGATGAGCAGTACCCTTTCCT TGTTCACCCAGTGATGCCAATGAA A GA T ATCC 
S76772 TTCCT. AAAAAGGTACTT'1'AGAGCAGATGAGCAGTACCCTTTCCTTGTTCA CCCAGTGATGCCAATCAA A GA T ATCC 
------- 230 ---------------- 240 ----------------- 250 ----------------- 260 ---------------- 270 ---------------- 280 --------------- 290 ---------------- 300 
X05690 AC GAGTCT ATCAGG TGGACCAAAGATCCAAAGAACACTCAAGATCA TGTGCGCTCCCTGTGCTT ATTGGCTTGGC 
AF328683 AC GAGTCCAT TA GA -GGACCAAAGATCCTAA AAACACGCAGGATCACGTGCrCCTCCTTGTGCTF ATTCTGCT-fGGC 
AF311939 A TGAATC A ATC-AGG TGGACTAAGGATCCTAA AAACACCCAAGACCACGTGCGATCCTTGTGCTYGTT AGCCTGGC 
S76772 A TGA-ATC A ATCAGG TGGACTAAGGATCCTAA AAACACCCAA TACCACGTCjCGATCCTTGTGCTTGTT AGCCTGGC 
----------------- 310 ---------------- 320 ---------------- 330 --------------- 340 ----------------- 350 ----------------- 360 ---------------- 370 -------- 
X05690 ACA-ATGGAGAGCACGAATATGAGGAGTT -- CATCCAAAAGA TCAGAAGC -G TCCCAGTTGCWjCG-CTGCTTGACTC 
AF328683 ACAATGG-AGAGCACCC ATATGAGGAGTT -- CATTCG TAAAA TCAGAAGCT G TGCCCGTTGGGCGCTGTfTGACCC 
AF311939 ATA ATGGAGAGCAAGAGTATGAAGAGTTTG TATCCA AAA -- TCAGG AGC -G TTCCAGTGGGGCGCTGTTTGACCC 
S76772 ATA ATGGAGAG-C AAGAGTATGAAGAGTT - GTATCC AAAA A -TCAGG AGlC - GTTCCAGTGGGGCG<-'TGTTTGACCC 
------- 380 --------------- 390 ---------------- 400 ----------------- 410 ---------------- 420 ---------------- 430 ----------------- 
440 ---------------- 450 
X05690 TG-CCCGCGTTfTCG ACCCT ACGTAGGAAA TGGTTGGA T TCCTT-ffAAATT - AG A-G ACAATTTGAAAC AATTTAA 
AF328683 T TCCTGCATTCTCAACG CTGCGCAGGAAGTGG TTGGAC TCCTTCTAA-ATTT AGAG T ACAATTAG --TA GATTACA 
AF311939 TGCCTGCGTTCTCT ACT CT ACGCAGGAAGTGGCT AGAC TCTTTITAAATT - AGAG C ACAATTTG G TTT AATTCCA 
S76772 TGCCTGCGTTCTCT ACT CT ACGCAGGAAGTGGCT AGACG CTTTTTAAATT - AGA -C ACAATTTG G TTT AATTCCA 
---------------- 460 ---------------- 470 ---------------- 480 ---------------- 490 ----------------- 
500 --------------- 510 ---------------- 520 
X05690 ATTGGCTT AACCCTACTGCAC TAACCGAACTA GATAACGGTGCAGT-AGG 
AF328683 ATTGGCTT AACCCTACTGCACGAACCGAACTT GAI'AT AAGTGCGGTAGG VAýýAITC 3 
'CC i f-C K 1, 
''': ' '- I fT 
AF311939 ATTGGCTTAACCC TACCACACT CACCGAACTAGATAACGGTG TGGTAGG 
S76772 ATTGGCTTAACCC TACTGCACT CACCGAAGTAGATAACGGTG TGGTCGG 
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The potential specificity of these candidate probes was evaluated by conducting 
'Nucleotide-Nucleotide BLAST (BLASTN)' analysis (NCBI URL. 
www. ncbi. nlm. nih. gov) to check for cross hybridization with other viral genome 
sequences. Although the approach cannot be exhaustive since not all sequences are 
known this preliminary test should at least identify some potential problems amongst 
known sequences. One of the CoxB4 strains 'X05690' is also presented as an example to 
demonstrate the 'BLASTN' analysis in Figure 3.2 below. 
Query 
Figure 3.2: The color key graph of the alignment scores for the specific probe designed for A05690' M CoxB4 
of the gene of RNA dependent RNA polymerase, analyzed by 'BLASTN', 'in which different scores shown by 
different colors and the different sequence length shown by the different numbers of 'Query-. 
Figure 3.2 illustrates the 'BLASTN' result, in which the alignment scores are represented 
by different colors. The highest score of more than 200 is red color, and the second score 
(between 80 and 200) is pink color. The green, blue and black represent the alignment 
scores between 50-80,40-50 and less than 40, respectively. 
The 'Query' means the 
length of the probe, which is 44 nucleotides long in this example. 
If other viruses' 
sequences match a part of this segment, 
it will appear as different lines with different 
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Color key for alignment scores 
ending of the different positions of the 'Query'. Besides the color graph, 'BLASTN' also 
provide the detailed data of the specificity analysis, listed in Table 3.2. 
Table 3.2: Analysis data of probes was performed by 'BLASTN'. Four strains are list in this table, in the order of 
specificity to the probe for the first strain. 'Me different score points are marked with thick black, and the length of the 
strains are also listed, In which some are complete and others are only partial genome. The 'Query' is part of the probe 
as explained above with Figure 3.2, the 'Sbjet' tneans the positions beginning and ending in the whole strain sequence, 
and the 'Identities' indicates the ratio of the 'Sbjct' to the 'Query'. 
6161031 lenibIX05690. I IPICOXB4 Coxsackievirus B4 complete genome 
Score = 87.7 bits, Length=7395, Identities = 44/44 (100%) 
Query I TAAAGACTACGGGCTAATCATGACACCAGCGGATAAAGGAGAGT 44 
Sbjct 6950 TAAAGACTACGCTGCTAATCATGACACCAGCGGATAAAGGAGAGT 6993 
g-J138261818IRblAY373201.11 Human coxsackievu'us BI strain 10158 RNA-dependent RNA polymerase gene, partial cds 
Score = 65.9 bits, Length=4 9 1, ldentities = 36/37 (97%) 
Query 8 TACGGGCTAATCATGACACCAGCGGATAAAGGAGAGT 44 
Sbjct 335 TACGGGCTAATCATGACACCAGCGGATAAGGGAGAGT 371 
gil3l2478471gblAYI 86748.11 Human coxsackievirus BI clone pAMP2.22 polyprotein gene, complete cds 
Score = 63.9 bits, Length=7372, Identities = 38/40 (95%) 
Query 5 GACTACCTGGCTAATCATGACACCAC-rCGGATAAAGGAGAGT 44 
Sbjct 6930 GACTACGGGCTGATCATGACACCAGCAGATAAAGGAGAGT 6969 
Ri1312478451g, blAY1 86747.11 Human coxsackievirus BI clone pAW2.17 polyprotein gene, complete cds 
Score = 63.9 bits, Length=7371, Identities = 38/40 (95%) 
Query 5 GACTACGGGCTAATCATGACACCAGCGGATAAAGGAGAGT 44 
Sbjct 6930 GACTACGGGCTGATCATGACACCAGCAGATAAAGGAGAGT 6969 
Table 3.2 describes the specific example; the alignments with four strains are analyzed. 
The 'BLASTN' score of X05690 is 87.7 bits, the closest characterized strain is 
AY373201 in the Human Coxsachievirus BI group ('BLASTN' score is 65.9 bits). 
Consequently these viruses differ significantly in score, which suggests the probe 
selected is sufficiently specific for the target to which it was designed 
for X05690. In 
general the bigger the score difference between the sequences to 
be specifically sought 
by the probe and chance reactions with more distantly related viruses 
(or even entirely 
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spurious) sequences; the more specificity will be obtained. 
Therefore, regarding the probe design method described above, in the example of 
CoxB4-XO5690, although there was more than one dissimilar segment from the other 
three in the alignment, considering the nucleotides length and the Tm, the probe 
'5'-AAAGACTACGGGCTAATCATGACACCAGCGGATAAAGGAGAGT-3" was 
selected for X05690. It is 43 nucleotides long, and the Tm is around 73'C, this was 
adopted as a general target for all probes, and all were selected according to the 
following criteria: length, 40 to 55 nucleotides; melting temperature at 65-75'C; and 
more than three mismatches between the probe and other genotypes, ideally evenly 
distributed over the oligonucleotide sequence. All probes selected had strong identity 
scores in this analysis with viruses closely related to those sought, but were well 
differentiated from other viruses belonging to more distant groupings. The similarity 
scores were different for each probe chosen and it was not possible to set universal cut 
off points for potential spurious reactions for all. In fact the function of these probes will 
be influenced by the position and nature of potential mismatches or matches such that it 
was not simple to predict whether the desired specificity can be achieved in practice. 
Consequently it was decided to synthesise a small number of probes and to evaluate these 
before refining the design process. In this way, the alignments were applied to all viral 
genomes in the Gene-Bank database. Obviously since the database was not complete, 
because of many un-sequenced viruses persist within the environment. Such an analysis 
could never exclude the chance of hybridization with an as yet unknown agent. However, 
this step was considered essential to exclude obvious errors such as those arising from 
sequence similarities between distantly related but sequenced viruses. 
The total 152 specific probes were designed using the 'ClustaIX' sequence alignment 
programme followed by 'BLASTN' (via the NCBI website) to estimate their specificity. 
Some of them seemed likely to detect a specific serotype and others were a single strain. 
64 specific probes were printed on the small-scale microarray including the 
'MWG 
Arabidopsis' (see Section 2.10.2.1). A further 88 probes were designed but were retained 
for use later in this project. These 152 probes are listed 
in Tables 3.3 to 3.7. The 64 
probes printed on the microarray, are listed in Tables 
3.3 and 3.4. Among these, 58 
specific probes were designed to target the Picornaviridde, 
five probes were printed as a 
reference for Astroviridae (not specifically 
designed for the viruses in Picornaviridae), 
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and the one reference control oligo probe: 'MWG ArabidopsW was mixed with the 
specific probes at a specific ratio and co-printed on the microarray in order to allow the 
positive detection of all spots and demonstrate successful printing. The other 88 specific 
probes designed for Picornaviridae, listed in Tables 3.5 to 3.7. 
77 
00 r- 
o CIS - C-, 00 C> 00 (= (0-ý C> 00 C> c) C> a, c) Cý C> C> --- (=) C) C) (: ý :ý Cý, Cý 'T 6 -4 C; 06 C-i C-i 06 145 Cý V-) o6 4 o6 66 06 116 I kýl V) F- W) ki-I ki-) r- r- 10 00 1ý1 
ý6 .6 rý ý; ) r-: r. - rý rý or, -, ,6 r- 00 r- t- r- 0-\ M kn W) r. ý a., a, m wi r- oo 00 r- C\ C*, 00 0ý Cý CI\ C71\ cr, 00 (71ý Cl\ 00 olý clý 00 C) CN 00 C. \ C-1 o" w .0Lr, - k, ý 00 
1-: Oý rf! Wý I*: --: I: - -i rlý llcý en M 0ý rr rr cý ": , Cý oý 'n rl m -I 
m (-A vi ýt r,; rn 't eq m It MNC, 4 Wý m en m 
F- 
F- 
F- 
L) 
F- 
F- 
F- 
F- 
0 
u 
u 
-eý E- ý- 
UU 
ý- E- 
u 
u 
0 
H 
C-) 
H 
H 
H 
C-) 
C-) 
1- 
L) 
0 
L) 
L) 
f4H 
L) 
rE 
L) 
CE-L) 
u 
00 
1ý0 00 
N 00 mN c- kn N 00 
kl') tn Cf) 00 C,, ,, Cý 
kn tn 
ý, c cq 00 C14 r- C) r- Itt 00 "d m It r- Cý N 00 
"t kn C7, cn 00 m cq C> tn m CD 
C'4 
In Cý4 r, tn 00 r- - 00 C) 
ý 00 >1 C) en -- re) NN 110 M m C: ) I'D ki. ) - tn 
cý >ý, ý"C, tý ý: ) aýNýý lzt C; ý, , r, C) rq r- C> Cf) kn 44-ý C) C-0 xýý Cý S 
ý: ) 
'S "o c) - 00 ý, c zt 00 
00 W) kf) 
-------5 
cq cn m (7', r- r- r- r- r- r- t "t C-1 (: D ý0 IfIIII 't :t C) r- "D MIII en ý10 -MM>>>>>>>> ý> ý> ý> >II cUUUWWWWWW6. 
S 
ý) 
uuuu 
Ul 0 
r- 00 Cý kn 
r- 00 C7., C) N rn 
4 -A 'S 00 C7, -------C, 
4 N cl C'4 N C'4 Cf) MMM 
Z, ýI, 
ý 
2ý iz. 
uuuy cý ý, An4, 'z r- oo 0, CD -A 
CD -AA Uu 
Aý4J, .ý rý cý c7, -ýý--r, 
1 (N rl r, 1 rg rý rý C, 4 (14 f9 mmm rn 
_O 
r- 
Q) "U 
,'Z 
CD. 0 
;.. ýc 
zi 
r_ 
CD 
öü 
cn 
CD CD 
-c 
ý4 
(1) ei 4- 
jo 
40 4 
ýo 4-4 
"0 vý Q) 
-0 
r. 
mý M r- 
o', CN cý CD C, ý CD 00 c> Cý 00 Z, 
r- kri Z 
rz tz r-ý. '. ' " t-. , 'D CD Z- 
00 00 c" c" 00 00 - <> 00 :. 'X, Z%, : 4, -, 
cl, t- 14) - IZD el) m C. -, Cý - ý40 t- I. ýl 
Cý Cý Cý 
Ll 
3 p 
kri 
'b H 
"- H 
c) 
H»H 
HH 
Hc) 
" 
Cý 
Cq 
00 
Cý 
W') 
kr) 
00 
C4 
ýo ý. o 
C', 
Wý 
C) 
kr) 
foý 
- 
W'l 
Cý 
fn 
C) 
(Z) 
Cý 
't 
kr) 
or, 
r- 
C-4 
Cý 
CA 
00 
- 
rn 
C7ý 
1ý1 
G 
1ý1 
4 
ýo 
00 
CD 
- '.:, 
oc 
r-- 
CA 
C: "' = 
-t c-, 
qj 
0" 
C'4 C-4 C'4 
ý; ý; ý; ý; ý; ý; ý; 
0 10 m all, m 
1)1,5 
25 
zi ný 
CD 
0 Co 
CZ 
cn 
P. ä 
,. 3 mt, 
0 C) 
;Z ýDD Q) ; -lý 
C "Ci Z, 
,' .29 0A cn 
vi 
cn 
CD öL 
lzfj 
cn 
cn 
rq ;Z 
CZ 
N 
PAGE 
MISSING 
IN 
ORIGINAL 
20 
0 
cl) 
p 
E 
rl 
19 
aj 04 
cm Z 
CD 00 "0 C) "0 1 ýIM C> (11 <Z C> (Z rýI "0 "0 C: ) r- 00 r1q 110 ýlo 110 rý 110 "0 v) 1,0 ý, 0 ýt "0 ý-0 
ý! 
kn kr) e r- t- (ý c- 1 le ýC V-ý 1,0 1,0 V) 10 1111111811111111-111111 
rn 11 oo rA 1,0 1,0 1,0 \Z \Z rq rq CD 1,0 1,0 e xt, 1,0 CD CD rq t \Z oo oo e CD r, 1 rq oo a', 00 00 t- 00 OC 0, ý alý 00 00 0, \ Glý oý 00 cý - oo oo 00 Co oo oo - oý oo 
cý cý o \ýo r- r- r- t- r- 0 0 1- c-- r- \z 0 r- \z 0 r- r- r- ý, 0 o r- r- r, r- 
QD 
u 
F-4 
(D 
u 
u 
C) 
H 
H 
C) 
HH 
25 
8 (8 
F- 
C-) 
(E 
CJL) 
F- 
C-) 
F- 
F- 
C-) 
U f- 
C', 
00 
CNI tn 110 r- M tr) 
ý1* tr) a, C, 4 Ce) r- 
kl) 110 "o mN kn - "t 
C> C) m I. 't Cý kn C: ) 
C) "o J. 00 m 
kn W) W) te) - W) W) kf) kn en 
00 Cý ýa :9 
:9 
el-) 1ý0 110 
(3*, NNN Iýc a-, S. '. 
5, (:: ) Cf) kil cq Nr - , ýc "o "C ý-c (=) = (= Cý (= C> 110 
C) C) C) - C, It "t 
co 40 ý 4ý 4-4 ---- a) m cf) M cn Mýmmm. 4ý >-, 00 00 C) m C) 40 4 
U. ) ul 
yyy 
uuuuu 
55 5-Z > uý ww ui wZýýZ iz. Z. iz. ýý 
Z 
ý9 
ZZ 
uý W 
ýW 
<: 
ý 
-' ri rn ýt wý \z 
r- 00 c> CD - rq rn t v-) 
wý wý ýW CD (q r9 C, 1 r't e r- COO cý C> 
"a 
Q. U 
4C. ) 
u -ci 
91. u 
-0 cn 
fr) _c 
C14 
00 
tj \C 00 ýo :4 (-A 
4ý W) 
F 
00 
ýt 00 
C> 
N 
C*l 
C14 
\ýo C71, 
\C 
Cl) 
(=) 00 
(14 
tf'ý 
"D 
(71, 
\c 
tr) 
C) 
- 
00 
r? ) 
"t 00 
C) 
ýo 
00 
00 
1ý 00 
It 
00 \ý 
00 
00 \-ý 
00 
all 
110 
00 
"1" 
00 1ý 
1.0 
if) 
1ý 0*1 
C) 
1ý Cl\ 
rq 
00 ý 
110 
00 \. -ý 
C) 
1ý Cl\ 
\c 
00 
110 I. -, 
C) 
00 ý 
C) 
N 
C7ý 
N 
"o 
110 
00 
N 
kf) 
C) 
(7\ 
't 
C) 
C) 
- 
C) 
00 
00 
C) 
It 
00 
't N It \ýo It - It m C) kn \10 C) lzt It 00 tn kl .ý 't tt tr) ZT rf) rf) (, I 't -, t C) 
Cý rý 06 rý 
6 
s 
1-0 
V 
0*1 00 
00 
N N -c 
C) 
> 
IM 
U E- 
F- 
0 
0 
F- 
H 
0 
42 
40. 
u 
u 
E- 
F- 
00 Cf) C: ) r- 
C-4 "C t. 
2 
4 
0 Cd 
cl. -Zý .. -S 
0 
00 
00 
t- 0 
00 
U U U 
4 
5 
ý 'o w w w P ý; - 
u 
U 
E- 
U 
U 
(Is) 
U UU 
u 
uu u <u 
ct 1ý2 
u 
(c 3ý 
U&- 
u 
c) 
U 
C: ) 
ý- 
U, 
u 
u 
U 
u 
u Uý- u 
UE. 
0 u 
rn 
+ 
ý jý , -ý E Cý rl , (Z) cý, U ý-; =ýam1,0 
CZJ CZS 
Ei 
b. 1 ß. ý. . 
'N. 
00 M 
Z> 
N. (9 0 
1 N.. 00 rn = rn >< 42 -ý 
9L4 
uu 
(474 ..: 
(m gn 
lZ r- 0ý Cý 8 -, NA4 wl .6 r- oc Cý 6- C9 A -: 
t wl in ki) vi 
ý2 
"0 
u vý 2 
4-4 
-0 
0 
"0 ;. 
u0 
LA ý: 
-0 ý: 
N. 
m 
43 
.. 0 
Cý, Cd Z 
(41 c. 9 
cu 
ýa Z. - 
Cd "0 
CZ -0 0 
nu iz 
3.2.2 Microarray layout design 
3.2.2.1 The initial microarray layout VMI 
Several iterations of microarray layouts, designated VM! -VM6,, with different probe 
composition were evaluated during this project. An optimal layout should provide 
sufficient replicates for each probe to give statistical confidence in the signals 
detected and should also incorporate the proper controls for the microarray's 
specificity and the reproducibility. The first microarray layout used is shown in 
Figures 3.3 and 3.4. I- 
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I In two groups: sub- ids I to 16 and 3-3: The probe microarray layout VML There were 32 sub-grlds, which are separated 
1 9171. 
Is 17 to 32. In each group, every four adjacent sub-grids (same color above) are replicates, e. g. probes 
printed in sub-gbrid I 
3ame as those In sub-grids 2,5 and 6. The probes printed in the second group of 
16 sub-grids are replicates of the first group. 
-grids'"ith the sanic probe arrangement are shoý', kil ill saille color, and 
the symbol '=' or'11' means the,,, are identical. 
Figure 3.3 shows the arrangement of the 32 sub-grids in total, which are duplicated in 
two groups- sub-grid I to 16 and blocks 17 to 32; the second group is simply a copy 
of the first. Within each group, the sub-grids are printed as groups of four replicates, 
which mean that the probes organized in sub-grid 1, are reprinted in the same 
orientation as sub-grids 2,5 and 6. 
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Figure 3.4 Nficroarray layout VMI (only sub-gnds 1-16 are shown, since sub-gncls i /-. iz are repticales): in 
every sub-grid, the probes are shown as dots arranged in 8 rows and 8 columns. In every 
first three rows, 
there are the Amersham 'Scorcard' controls, shown in red dots. Blue dots and names are the 17 specific 
probes and 'Empty' (a negative control containing spotting buffer only). The overall arrangement of the 
probes printed on the VM I array is schematically illustrated in Figure 3.3. 
Figure 3.4 is the detailed probe arrangement within each of sub-grid 
I to 16. Afray 
VMJ also included the Amersharn, 'Scorecard' control probe set. 
This was not used in 
11 S-4 
subsequent layouts, because it was too expensive and was subsequently considered 
not to be a suitable control for this type of virus detection; the 'Scorcard', was 
developed principally for quantification of gene expression. Array VMI was used to 
hybridize with labeled first stand cDNA in a pilot study. The jr f st strand cDNA 
labeling methods was used to test specificity of the array using labeled material from 
cultured viruses, which were obtainable in large quantity and thus could be labeled 
directly in a reverse transcription (RT) reaction without a PCR amplification step. 
This provided an essential first test of the ability for the array platform to distinguish 
different viruses. 
3.2.2.2 Viral probe microarray layout VM2 
The arrangement of the probes on VNU is essentially identical to VMI except that the 
'Scorecard' controls in the first three rows in each sub-grid was replaced by spotting 
buffer ('Empty'). Thus, the detailed arrangement can be still gauged from Figures 3.3 
and 3.4. However Without the 'Scorecard', it became difficult to orientate the 
microarray. 
3.2.2.3 Viral probe microarray layout VM3 
Figure 3.5: The layout of viral inicroarray VM3. There were 17 viral probes. In each group, 
four 
adjacent sub-grids are replicated of the same probes, e. g. probes printed in 
the second group of 16 
sub-gnds are replicates of the first group. 
See Figure 3.3 for further detail. 
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In order to show the positions of the hybridization signals and to assess the 
microarray's reliability the VM3 layout used the specific probe '48-IIEV-B4' as both 
the positive and the orientation control. This was printed in 8x8 replicates to form 
the first row and first column of each sub-grid, providing a frame, which both located 
the sub-grid and showed their orientation. The remaining specific probes were 
arranged as a5 closely-spaced spot,, the arrangement is illustrated in the Figures 3.5 
above and Figure 3.6 below. The 'Empty' spots (spotting buffer only) were used as a 
negative control in between of the specific probes. 
SUBGRID I SUBGRID 2 SUBGRlD 3 SUBGRID 41 
SUBGRID 5SU Br, -'TF? 
JD (-, SUBGRID 7 SUPGRIDi 
SUBGRID 9 SUBGRID 10 SUBUKLD 11 ý)UMAUU 12, 
-I- -- -1 11 %1A 1"fl; ull I Ila ý1%1 1 "1 T F% 111 12 _I_J _I 
Lj_I_' L '. J 
Figure 3.6: Microarray layout VM3. in which probe '48-BEV-134' worked as a positive control ancl orientation too in 
er pe iI es, the first line and column in every sub-gnd indicated in pink squares. 
Oth scfc prob are shown in green squares 
in every sub-grid, and the probe arrangement is according 
to the Figure 3.3. The white squares represent the 'Empty' 
spots as a negative control. 
3.2.2.4 Viral probe microarray layout VM4 
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Figure 3.7 Microarray layout VM4. To consider controls in more depth, especially for the normalization and estimation 
of signal cut-off, in this array, every specific probe was mixed with a general control probe in the ratio of 20: 1 at 
positions indicated in orange squares with the name to show the specific probes. The probe arrangement is 8 spots in 
each sub-grid. Each sub-grids is duplicated. There are 16 sub-grids in the whole array and the number of virus-specific 
probes is increased from 17 to 64. In every sub-grids, 8 red squares are the control only, blue squares are 'buffer' only, 
white squares are empty (no spotting) and the green squares are 'Water' only. 
Figure 3.7 above showing array VM4 contains 64 rather than 16 virus-specific probes 
and introduced an individual oligonucleotide sequence as a general control ('MWG 
Arabidopsis') to consider the normalization and signal cut off. Every specific probe 
mixed with 'MWG Arabidopsis' together in the ratio of 20: 1. 
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3.2.2.5 Viral probe microarray layout VM5 
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Figure 3.8 Microarray layout VM5. In addition to each viral probe being rmxed with the control/reference probe (orange 
squares), the specific probe is also spotted alone (green squares). This was to assess whether there was any influence of the 
general control probe on the signal fi7orn the respective specific probes. This also renders the array easy to assess Visually In 
each sub-grid, there are four general controls (MWG Arabidopsis) (red square) for positive control and orientation of array, four 
'huffer' nnIv (bbiewmare-) were im. M qq nevative. r. nntrol 
The detailed layout of the array is shown in Figure 3.8 above. There were 16 sub-grids 
as in VM4. in VM4 all the virus-specific probes were mixed with the 'MWG 
Arabidopsis' probe and printed together on the array; the signal after the hybridization 
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can only be interpreted by image analysis and not by eye. In order to understand the 
influence, if any, of the 'MWG Arabidopsis' control on signal from specific probes 
and also to help establish the data analysis method, the specific probe alone was 
printed on the microarray. This design was useful, as the hybridization signal of 
known virus hybridizing with this array can be recognized visually on the scanned 
image. 
3.2.2.6 Viral probe meroarray layout VM6 
In VM6, specific probes were printed on the array both as single probes and also 
mixed with the general control probe: 'MWG Arabidopsis', the positions of the 
probes printed on the array were rearranged relative to the VM5 layout. The 
concentrations of the probes solutions used for printing was increased from 20ýIM to 
50ýLM; whilst the concentration of the 'MWG Arabidopsis' control introduced in the 
mixture probe samples was reduced from I ýiM to 0.5 gM to produce a ratio of 'MWG 
Arabidopsis': specific control of 1: 100. The detailed layout is shown in the Figure 3.9. 
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Figure 3.9: Nficroarray layout VM6. There are 16 sub-grids collectively comprising the 64 virus-specific probes each mixed with one 
general control probe: 'MWG Arabidopsis' mixing with specific probes, mostly positioned in sub-grid I to 8 in blue; and 63 specific 
probes spotted alone shown in purple. In each sub-grid, there are 4 red squares of the general control only (red), and the squares 
containing the 'buffer' (blue). 
3.2.2.7 Summary 
In this chapter the probes design and the different microarray layouts used throughout 
this study are discussed. In Chapter V, the results of the 
hybridizations on these 
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CHAPTER IV: ESTABLISHMENT OF AMPLIFICATION FOR 
MICROARRAY-BASED VIRUS DETECTION 
4.1 Chapter introductions 
Application of microarray technology to environmental samples requires the 
development of methods suitable for the amplification and labeling of nucleic acids. 
Since the viruses in the environment may be diverse, these methods should enable a wide 
spectrum of virus sequences to be labeled. In order to develop and validate such methods, 
a range of potential PCR primers and reactions were investigated using in the first 
instance known viruses as models. This chapter addresses the development of pan- 
reactive primers or/and cross reactive primers to perform generic RT-PCR or multiplex 
PCR in order to broadly target a functional motif in the genome of Picornaviridae, and 
enable the labeling of the product for subsequent hybridization. The approach taken was 
to identify suitable areas from structural and functional knowledge of the virus, design 
primers based on results of multiple sequence alignments and evaluate their usability in 
amplification of test viruses by seeking detecting PCR products of predicted size by gel 
electrophoresis. The labeling methods development and the hybridization analysis of the 
labeled products with the established microarray will be addressed in details in Chapter V. 
For the microarray detection, it was normally necessary to combine this with a nucleic 
acid amplification method, such as generic PCR and/or multiplex PCR (Bohlander, 1992; 
Elnifro, 2000; Wang, 2002). The coupling of PCR amplification and microarray detection 
started in 1994, when a microarray detection system was established for the cyano- 
bacteria in lake water. In this project, a PCR technique was also combined with 
microarray for the virus detection. PCR, in this project, was a technique used to detect 
the presence of the viruses in samples; the amplification step (based on the logarithmic 
amplification of a specific nucleic acid) was necessary because we wanted to 
detect 
minute amounts of a particular infectious virus in samples. This technique 
is particularly 
useful for the non-cultivable viruses or/and when the virus 
is present in very small 
quantities, such as in the environmental water source. 
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4.1.1 Generic PCR 
Generic PCR amplification seeks to use a restricted number of primers (perhaps only one 
or two pairs) to amplify a target sequence from related viruses. Such primers are 
designed using multiple alignments between genome sequences of as many strains of the 
virus as possible. Amplicons are then labeled either during-or post-amplification so that 
they may be detected once hybridized to the probes on the array. PCR primers are usually 
designed from the most conserved sequences in the target viruses, such as those present 
in ORFs (usually non-structural protein) e. g. at the active site of enzymes or in un- 
translated regions, e. g. ribosome or polymerase binding sites and in the 5' and 3' non- 
coding regions of viral genomes. The probes printed on the array are designed to target 
the more variable regions contained within the PCR-amplified target and thus to 
differentiate between the amplicons. These constraints mean that a database of virus- 
specific sequences must be known before an array can be designed. Over the years such a 
database has been accumulated in the NCBI facility. 
Primers in PCR amplification are designed in a base-pair to attach to the beginning and 
the end of a specific target segment of nucleic acid and thus achieve the PCR 
amplification of the sequence in between. The specificity and sensitivity with which a 
primer anneals to its target sequence are the most critical factors in determining the 
success of PCR amplification. In general terms primers should contain 40-60% (G+C), 
and avoid sequences producing internal secondary structure. The 3'-ends of the primers 
need also to be considered to avoid the production of primer-dimmers. In the primer the 
three contiguous 'G' or 'C' nucleotides should not appear near the Y-end, as this may 
result in non-specific primer annealing, increasing the synthesis of undesirable reaction 
products. Ideally, both primers should have nearly identical melting temperatures 
(Tm); in 
this manner, the two primers should anneal roughly at the same temperature. 
The 
annealing temperature of the reaction is dependent on the primer with the 
lowest Tm. 
Further considerations include noting that sequence conservation at amino acid 
level 
does not imply absolute conservation at nucleic acid level. Thus primers 
designed should 
preferably terminate at their 3'-end by base-pairing with a non-wobble position 
in the 
codon. In most cases this will mean the first base of the codon specifying the conserved 
amino acid. PCR amplification can only be performed on 
DNA and thus a reverse 
transcription step to convert RNA to complementary DNA is needed for the 
detection of 
RNA viruses. 
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4.1.2 Multiplex PCR 
The method described above considered the use of a single primer pair. Where this pair is 
designed to recognize more than one molecule adequately to achieve amplification for a 
number of related target sequences the reaction would be termed a generic PCR. 
However, sequence similarity between target molecules may be too limited to allow the 
use of a single primer pair that can recognize all molecules. In such cases the intended 
targets can be gathered into groups and similarity within a group exploited to design a 
generic primer for all group members. One-step application to multiple groups can then 
only be achieved by the simultaneous use of combined primer pairs. This is a so-called 
multiplex PCR. In a multiplex PCR many primers pairs are mixed together in order to 
amplify different sequences of a DNA molecule. Ideally, all the primer pairs in a 
multiplex PCR should amplify their respective targets with similar efficiency. This is 
difficult to achieve but some parameters should be considered, such as annealing 
temperature, base content, amplicon composition and primer lengths. The multiplex PCR 
requires more careful optimization than generic PCR and is more likely to selectively 
amplify certain templates rather than others (Polz, 1998). The optimum requires 
approximately equal annealing temperatures without significant homology (Cha, 1993, 
Henegariu, 1997). This should result in similar amplification efficiencies for their 
respective target. Multiplex PCR's Preference could arise from preferential denaturation 
or annealing of some primer or target combinations influenced for instance by differences 
in 'GC' content, target secondary structure and even relative concentration of target 
sequences in the initial mixture. In addition, spurious amplification products and the 
formation of primer dimmers are also common problems in multiplex PCR; they affect 
the balance between specific amplification and also sequester reagents (Brownie, 1997). 
The occurrence of spurious PCR products does not represent a problem for the detection 
since only those sequences specific to the microarray probes will be detected. However, 
there is the risk of bias for the viruses that are successfully amplified and thus detected. It 
may also be necessary to adjust buffer compositions (in particular the concentration of 
dNTPs) or enzyme quantity in this competition conditions. There is an example of nine 
genomic targets amplified by multiplex PCR, which require a 
Taq DNA polymerase 
concentration five times greater than that in generic PCR to obtain 
the efficient 
amplification (Chamberlain, 1989). Therefore, in this project we tried 
to consider all 
these essential components above when designed the primers, such as arranging 
them in 
similar length, 'GC' content, and the similar annealing temperatures, 
in order to optimize 
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the multiplex PCR. 
4.2 Results 
4.2.1 Primer design 
The Picornaviridae, sought here most possess a functional motif 'YGDD' in their amino 
acid sequence, which forms the active site of the viral RNA polymerase, an enzyme 
essential for virus replication. This is located nearly 600 bases from the 3'-end of the 
genome. In view of this conservation it should be possible to develop a generic or 
broadly reactive primer developed to target this sequence and a similar broadly reactive 
primer to anneal at the Y-end of the genome where all viruses also possess a poly-(A) 
tail. 
4.2.1.1 The design of 'Forward' (negative sense) primers 
The multiple alignment program 'ClustaIX' was used to align the polymerase regions of 
the genome from sequenced viruses. Cross reactivity may be extended by incorporating 
redundant nucleotides at some positions to base pair with variable residues. Described 
below is an example of the detailed process of aligm-nent and primer design for the 
generically-reactive pan-forward primer 'ENT-BE' for all the Enterovirus A, B, C and D 
isolates and Bovine Enterovirus (see Tables 4.1-4.5). According to the functional motif 
'YGDD', the aligm-nent is made by taking nine nucleotides from the beginning of the 
'YGDD' and ending two nucleotides after the motif. The nucleotides encoding for the 
'YGDD' are shown in grey shading in the following tables; the difference between 
different nucleotides in the same position is shown by different colors, which are 
described in the following tables (Tables 4.1-4.5). 
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Table 4.1: Alignments for design of primer for Human Enterovirus A 
GeneBank number of Human EnteroWrus A Alignment of primer design (5'-31) 
------- I ------- 5 ------- 10 ------- 15 ------- 20 --- 23----- 
AF177911 CoxsackievirusA16 ATGGT GC TA GG -'GATGA GT ------ 
AY421766 Human coxsackievirus A8 strain Donovan ------ ATGGTOGC. ýTACGGý. ýGATGA -GT ------ 
AY421765 Human coxsackievU'US A7 strain Parker ------ ATGGr4, GC TACGG. "ýGATGAýý GT----- 
AY421763 Human coxsackievirus A5 strain Swartz ---- ATGGTC,, GC TA'ý GG AGATGA ý GT----- 
AY421768 Human coxsackievirus A 12 strain Texas- 12 ------ ATGGTUGCCTACGGAGATGA GT ------ 
AY421761 Human coxsackievirus A3 strain Olson ATGGT6GC CTACGG. ýIGATGA GT ------ 
AY421760 Human wxsackievirus A2 stain Fleetwood ATGGT(ýý TACGG-; 'ý--GATGAr'GT----- 
AY421767 Human coxsackievirus Al 0 strain Kowalik ATGGT(- I -IGCCTACGG-, GATGA GT----- 
U05876 coxsackievirus A16 G-10 ------ ATGGTC GCCTACGG ýGATGA GT ------ 
AY421762 Human coxsackievirus A4 strain High Point ------ ATGGTT GCCTACGG,, GATGA"GT----- 
AY421769 Human coxsackievirus A14 strain G-14 ATGGTC GCCTACGG,.. GATGACGT ------ 
Forward primer for Human Enterovirus A: ATGG TNCTCHTAYGGR GATGAYGT 
In the alignment of all the Human Enterovirus A sequences in Table 4.1, there are 
different nucleotides among the different strains at the 6th, 
Oth, 12ý', 15th, and 2 I'st 
positions. At the e nucleotide position, there are four possibilities of all of the 
nucleotides W, T7, 'G' or 'T, which rendered down as the symbol 'N'(any nucleotide) 
in the consensus sequence. At the 0'h, 12ý', 15"', and 21't positions, there are three 
possibilities of 'N, 'C' or 'T', two possibilities of 'C' or 'T', two possibilities of 'N or 
'G' and another two possibilities of 'C' or 'T', which are rendered down as the ambiguity 
codes 'H(equal to 'N or 'T' or 'C'), 'Y' (equal to 'C' or 'T), - 'R' 
(equal to 'N or 'G'), 
and 'Y', respectively. So in summary, the consensus forward primer for all the Human 
Enterovirus A isolates is '5'-ATGGTNGCHTAYGGRGATGAYGT-3" shown at the 
bottom in Table 4.1. Based on the same method, the alignment of all the Human 
Enterovirus B. C, and D isolates and Bovine Enterovirus are shown in Tables 4.2-4.5, and 
the primers deduced from these are given underneath. 
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Table 4.2: Aligriments for design of primer for Human Enterovirus B 
GeneBank number of Human EnteroWrus B Alignment of primer design (5-3') 
AF 114384 Coxsackievirus B6 stram Schmitt ----NrGAT GC. TA GG GA GA GT----- 
X05690 CoxsackievUUS B4 
---ATGAT'IGCATAjGG-IGAýGA GT---- 
D00627 Coxsackievirus A9 ------ ATOAT GC TAI GG. % GACGAGT ---- 
AY302541 Human Echovirus 15 strain CH 96-51 ------ ATGAT'GC TAý: GG , GAC GXr GT ----- 
AY302547 Human Echovirus 21 strain Farma -----ATGAT GC TA GG: GACGA. IGT ------ 
U57056 CoxsackievU-US B3 Woodruff vanant ------ ATGAT ý GC'I TA ý GG ý GACGA GT---- 
AY302557 Hurnan EchovirUS 4 strain Pesacek -----ATGAT: GC I TA GG GACGA: GT----- 
X84981 Echovirus 9 (strain Hill) ------ ATGAT, GC TA GG. GACGAIGT----- 
AF317694 Human EchoVIrUs 18 strain Metcalf -----ATGAT GC TA GG GACGAI'GT----- 
M16560 Coxsackievirus BI ----ATGAT.: GC TA GG ý GA 
AF029859 EchovirUS I (strain Farouk/ ATCC VR-l 038) -----ATGATCGC TAGG GA GA GT ------ 
AF328683 Human Coxsackievirus B4 polyprotem-like gene ---ATGATIGCCTA GG GACGA GT----- 
AYI 67106 Human Echovirus II strain Mor/W82 ----ATGAT. iGC TACGG- GA, GAýGT- 
AY167107 Human Echovirus 19 strain K/542/81 ------ ATGAT GC 11 TACGGý iGA GA: 'GT--- 
AYI 67103 Human Echovirus II strain Hun/90 ----ATGAT GCCTA'GG, ",, IGA GAýGT ------ 
AJ577594 Human Echovirus 11, isolate ROU-9191 ------ ATGAT ý-CICCTACGG, ', GACGA ý GT ------ 
AJ5 775 90 Human EchovirUs 11, isolate FIN-0666 ---ATGAT ý GCCTACCT&, GA GA GT----- 
AY 167104 Human Echovirus II strain Kar/87 ---ATGAT: GCCTACGG, ýGA GA GT ------ 
AF524866 Human Echov]LrUs 9 strain Barty ----ATGATCGC iTA'G&. --ýGACGACGT ------ 
AYI 67105 Human EchoViI7US II strain Kust/86 ----ATGATCGC . TAIG, 
&-GA, GA GT----- 
AF085363 CoxsackievUUS B2 strain Ohio-I ---ATGAT GC TA GG: GACGX, GT ------ 
X8005 9 Echo Virus II ----ATGAT GC IATACGG GACGACGT ------ 
AY302 559 Human Echovirus 7 Arain. Wallace ---ATGATJGCATA'ýGG tGACGAýGT----- 
AY302540 Human EchovirUS 14 strain Tow ------ ATGAT i GC,,, TA',. i GG GACGA; l GT----- 
X79047 EchovUUS type 12 ----ATG AT ýý GCIAXAi GG GAý GA GT----- 
AY302539 Human Echo, VIrUS 13 strain Del Carmen ------ ATGAT: 'GC ATA CGGCGXI GA ý'GT ----- 
AY302549 Human EchovITUS 25 strain JV4 ----ATGAT. ý', GCATA GGIGA GAýGT ----- 
AF311939 Human Coxsackievirus B4 strain E2 variant ----ATGAT---, GC TACGG I GA GA GT----- 
S76772 coxsackie B4 derived from Edwards CB4 human strain ----ATGATAGC TACGG GA GA GT ----- 
AF 162711 Echovirus 30 strain Bastianni ----ATGATAGC TAfGGý'GA'TGACGT ----- 
AF311938 Human Echovirus 30 strain Bastianni ----ATGATAGC TA t GG GAI GA CGT ----- 
AJ493062 Human Enterovirus B ---ATGAT ýGC AXACGG AGA GA I, GT---- 
M33854 Coxsackievirus B3 ---ATGATCGC--, 'XAIGGIGA GAjGT--- 
M88483 Coxsackievirus B3 ------ ATOATCGCA TA'GG ý GA GA GT--- 
AF241359 Enterovirus CA55-1988 ----ATGATCGC I TA GGCGA GA ý;. GT--- 
AY302542 Human Echovirus 16 strain Harrington -----ATGAT ý GCC TXI GG-rý-GA., 
, WA ýGT ----- 
X67706 Coxsackievirus B5 ----ATGATCGC 1ýý 
TAI GG I GA CGA CGT---- 
AY302544 Human Echovirus 19 strain Burke ------ ATGATCGCA 
TAI GG GA GA 
AY302548 Human Echovirus 24 strain DeCamp 
GC, TACGG f GA GA, GT---- ----ATGAT 
AY302551 Human Echovirus 27 strain Bacon ---ATGATAGC 
A TAI GA GA GT----- GG 
AF 1143 83 Coxsackievirus B5 strain Faulkner ---ATGAT Lý 
GC A TA GG'IGACGACGT ----- 
AY302552 Htiman Echovirus 29 strain JV-10 ---ATGATCGC 
A TA: GG ",, GA GA f, GT-- 
AF524867 Human Echovirus 9 isolate DM ---ATGAT 
GC ý -,, 
TACGG:. GA GA - GT-- 
ned for Human Enterovirus B: d si i 
ATGATHGCHTAYGGNGAYGAYGT 
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Table 4.3: Alignments for design of primer for Human Enterovirus C 
GeneBank number of Human EnteroWrus C Alignment of primer design (5-3') 
5 -------- 10 ------- 15 ------ 20--23----- 
AF465514 Human coxsackievirus A20 strain III Pool 35 ------ATGAT GCCTA'GGýGATGAýGT 
AF499642 Human coxsackievirus A20 strain IH35 ------- ATGAT-IGCCTA%GG GATGA! GT 
A&465 512 Human coxsackievirus A 15 strain G-9 7 ------ ATGAT:,, GC CTA GG GATGA" GT 
AF499638 Human coxsackievirus Al 5 strain G9 -----ATGATAGCCTAý fGG GIATGAIGT 
AF499639 Human coxsackievirus A17 strain G12 ----ATGAI,, -ýGCCTA GG., GACGA GT 
AF465 513 Human coxsackievU-US A 18 strain G- 13 -----ATGAT'IGCCTA. GG, tGATGA GT 
AF499640 Human coxsackieVirUS Al 8 strain G 13 ----ATGAT ý GC CTA: GG GATGA GT 
AF499636 Human coxsackievirus AII strain Belgium- I ------- ATGAT, ý GC C TAI GG GA TGA"'GT 
AF465 511 Human coxsackievirus. A 13 strain Flores ------- ATGATfGCCTA'GG GATGA GT 
AF499637 Human coxsackievirus Al 3 strain Flores ------- ATGAT-1 GCCTAIGG IfGATGAf GT 
D90457 Human coxsackievirus A24 ------- ATGATIGCCTA GG GATGAIGT 
AF465515 Human coxsackievirus A21 strain Kuykendall ------- ATGAT*ýGCCTA%GG GATGACGT 
AF546702 Human coxsackievirus A21 strain Kuykendall I ------ATGAT GCCTAýGG GATGACGT 
D00538 Coxsackievirus A21 -----ATGAT GCCTA GG GATGACGT 
AF499635 Human coxsackiev=' Al strain Tompkins ------ATGATCCTCATA. CGGA., GATGACGT 
AF499641 Human coxsackievU-US Al 9 strain 8663 ------- ATGAT GC. jT, 
ýýCGGAGATGACGT 
AF499643 Human coxsackievirus A22 strain Chulman ----ATGAT ý; GCATAý, AGATGA GT 
Forward primer designed for Human Enterovirus C: ATGATHGCVTAYGGWGATGAYGT 
Table 4.4: Aligrunents for design of primer for Human Enterovirus D 
GeneBank number of Human Entero-oirus D Alignment of primer design (5'-3') 
D00820 Enteroviras 70 
------- I ------- 5 -------- 10 ------- 15 ------ 20 --- 23 
----- - ATGATAGCATATGGTGATGATGT -------- 
Forward primer designed for Human Eiderovirus D- ATGATAGCATATGGTGATGATGT 
Table 4.5: Alignments for design of primer for Bovine Enterovirus 
GeneBank number of Bovine Enterovirus Alignment of primer design (5'-3') 
D00214 Bovine Enterovirus 
AF123433 Bovine Enterovirus isolate SL305 
AF123432 Bovine Enterovirus isolate K2577 
------ AT ATA GCCTACGG'-ý, GA,, G ACGT ------ 
------ ATAATA GC. TACGGC CIA GTA-'ý, GT--- 
ýý-'GA CGA GT ------ ------ AT, ATAGCCTACGG. A 
Forward primer designed for Bovine Eiderovirus. ATWATAGCYTACGGBGAYGA 
YGT 
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Table 4.6: Forward primers for Human Enterovirus A, B, C and D isolates and Bovine Enterovirus 
Virus type Forward primer (5'-3') 
5 10 ---- 15 20 23 
HEV A A T G G T N G C 1-1 TAYGGR G A T G A Y G T 
BEV B A T G A T 11 G C H TAYGGN G A Y G A Y G T 
HEV C A T G A T H G C V TAyGGW G A T G A Y G T 
IIEV D A T G A T A G C A TATGGT G A 'r G A T G T 
BEV A T W A 'r A G C Y TACGGB G A Y G A Y G T 
Key to symbols- N=A+C+G+T, H=A+T+C, Y=C+T, R=A+G, V=G+A+C, W=A+T, B=C3+T+C 
In summary, Table 4.6 is shows the forward primers for all the Human Enterovirus A, B, 
C and D isolates and Bovine Enterovirus, respectively The different columns are 
highlighted in blue color. The explanation of the pan-forward primer designed from 
comparison is addressed as following: Firstly, at the 3 rd nucleotide position, all the 
Human Enterovirus isolates are coding as 'G', whiles only Bovine Enterovirus has two 
possibilities either 'N or 'T'. If we integrate the three possibilities using the ambiguity 
code 'D' ('N or 'T' or 'G), when the primer is synthesized, there will be a random 
chance for 'N or 'T' or 'G' at this position. If it turns out to be 'N or 'T', it will not 
match for all of the Human Enteroviruses which are the viruses we are most interested in. 
Thus we decided to adopt a reduced ambiguity code at this point, inserting a nucleotide 
'G' at this position and accepting that this would potentially reduce hybridization to the 
Bovine Enterovirus virus. The same reasoning underlies the selection of the 4thposition. 
Human Enterovirus A is the one who has been ignored in order to consider the primer 
design in the whole Human Enteroviruses group; because the rest of the other groups are 
having the same nucleotide 'N, only Human Enterovirus A has the different nucleotide 
'G' at this position. Secondly, at the 6ý' position, the ambiguity code 'N' has been used to 
represent the random synthesizing chance of 'N or 'C' or 'G' or 'T'. That is based on the 
consideration where 'G' takes the majority part in Enterovirus A (Table 4.1), whilst in the 
alignment of Enterovirus B (Table 4.2) and Enterovirus C (Table 4.3), the 'T' is the most 
predominant at this position, but 'C' and 'N are not really much less so. Also all 
Enterovirus D and Bovine Enterovirus contain an 'N residue here. Thus, with balancing 
the possibilities, insertion of all four nucleotides at this position (i. e. synthesizing a 
primer with an ambiguity code 'N) would be a better choice at this site. Thirdly, a 
'C' 
was selected for the 9ýh nucleotide, because it would work for some of the 
Human 
Enterovirus A, B and C isolates and Bovine Enterovirus, according to the ambiguity code 
'H' (equal to 'N or 'T' or 'C'), 'V' (equal to 'G' or 'N or 'C') and 'Y' (equal to 'C' or 
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'T') symbols. It cannot work for Human Enterovirus D, which is only represented by one 
strain (Only one strain has been sequenced). There could be many other strains out there 
have not been sequenced might have different nucleotide; however, as that is not clear; 
this database coming from the GeneBank of the sequenced strains should be the 
information to be based on to design the primer at this stage. So here the matching of the 
Enterovirus D has been ignored, as most of the other group: Enterovirus A, Enterovirus 
B, Enterovirus C and Bovine Enterovirus are the same but different from Enterovirus D. 
The same principle was applied to 15 th nucleotide, where only Enterovirus A was not 
accommodated. Furthermore, for the 12 th nucleotide, it is exactly based on the matching 
of Enterovirus D. This is for two reasons: Enterovirus D has been ignored at different 
positions more than once, and it only has one strain in the whole serotype so far from the 
data base in the GeneBank. So it should be considered seriously, otherwise, it might not 
work for the whole Human Enterovirus D serotype. On the other hand, the ambiguity 
code 'Y' could be applied here, however, in our opinion, the more ambiguity codes in a 
primer the less sensitivity and stability the primer will possess. Finally, nucleotide 'T' is 
expected to suffice at positions 18 th and 2 l't, because 'T' is the majority nucleotide in all 
of the five alignments. Therefore, the pan-forward primer for all the Human Enterovirus 
and Bovine Enterovirus isolates has been designed as: 51- 
ATGATNGCCTATGGTGATGATGT-3 ý. 
The primers design described above is based on the Gene-Bank database of the strains 
that have been sequenced in the Human Enterovirus group, the numbers (as we 
comprised above) in the database do not reflect the commonality of viruses in the 
environment. We do not have the real number of what kinds of viruses most frequently 
circulated in the environment, which actually is the one of the main goals we are going to 
achieve in this project in the long run; however, in order to understand this, we have to 
settle up a detection system (such as design primers) first, which needs to be based on 
some information we can get. We assume the way that the primers designed is reasonable, 
the evidence can be got from the electrophoresis results shown below and needs to 
be 
further adjusted and confirmed in the further work by estimating more viruses 
in the 
environment. 
4.2.1.2 The design of 'Reverse' (positive sense) primers 
No pan-reverse primer for all the Human Enterovirus and 
Bovine Enterovirus isolates 
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had yet been designed. Therefore, cross reactive reverse primers were designed by using 
the unique sequences at the 3'-end of the viruses. Although, these are less well conserved, 
it was felt that group-specific 3'-end primers might be designed which would still reduce 
the complexity of reactions compared with reactions containing full multiplexed pairs. 
Additional constraints sought to minimize self or inter-primer complementarities and to 
minimize heterologous virus amplification where possible by terminating preferably at a 
conserved amino acid codon and at a non wobble position within this codon. Software 
'Primer 3.0' (The method of using software 'Primer 3.0' is simply input the previously 
designed primers and then get their parameters automatically. ), was used to analyze these 
primers and estimate the parameters (such as the annealing temperature, the 'GC' content 
and the primer dimmer, etc). Primer sequence could then be modified and reanalyzed 
until a suitable sequence was obtained. Since more than one specific reverse primer will 
be in the same PCR system, the annealing temperature should be considered as the most 
important parameter, since the more similar they are the better. 
In all the primer designing addressed above, a pan-forward primer was developed that 
should recognize most or all of the Human Enteroviruses and Bovine Enteroviruses at the 
'YGDD' motif. Cross reactive primers were designed based on the unique sequences at 
the 3'-end of the viruses, which were heterogeneous. These cross reactive primers could 
not be designed to the whole family, instead viruses were aligned by genus or genotype 
and a primer was designed that should have broad reactivity within these groups but little 
between groups. This means that we will be unable to amplify all viruses in a given 
sample in a single reaction by this approach as originally hoped. However the cross 
reaction within a group means that the number of reactions required should be kept to a 
manageable scale. Based on these considerations the primers selected for this project are 
listed in Table 4.7. 
Table 4.7 Summary of the designed primers: A pan-forward primer for all Human Enterovirus and BEV, 
specific reverse primers for Human Enterovirus B and BEV; and a pair of specific primers 
for HAV. 
Name Primer(5'-3') Tm (*C) MW (9/mol) length 
ENT+BE ATGATNGCCTATGGTGATGATGT 64.0 7129.2 23 
(pan-forward) 
HEV-B ACCGAAYRCGGADAATTTACC 60.4 6410.0 21 
(specific-reverse) 
Anti-BE GGCCAAATTGAAGCTAATTAAA 60.2 6855.5 22 
(specific-reverse) 
Forward HAV ATYCTYTGTTATGGAGATGATGT 58.0 7099.4 23 
(specific-forward) 
Reverse HAV TTAAACAAATCATGAAAGGTCAC 59.4 7048.6 23 
(specific-reverse) 
Ambiguity code: R=A or Q D=G or A or T, Y=C or T, N=A or 
C or G or T 
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4.2.2 Evaluation of the amplification of primers for BEV, CoxB4 and HAV 
In order to validate the PCR amplification ability of pan-forWard and cross reactive 
reverse primers, several PCR reactions were tested using cell-grown sample viruses'. 
'CoxB4-XO5690', 'BEV-DO0214' and 'HAV. Since the products will ultimately require 
labelling, different labelling procedures will be discussed in detail in Chapter V, the 
influence of labelling materials to the PCR amplification has been estimated in this 
chapter. 
RNA was extracted from 'CoxB4-XO5690' and "BEV-DO0214' infected cells. The 
methods of RT and PCR reactions were according to the methods in Sections 2.3 and 2.4. 
Reverse transcription was achieved using 'OligodT' as primer. PCR stages then used the 
pan-forward primer 'ENT-BE' to amplify both 'CoxB4-XO5690' and 'BEV-DO0214', 
whilst the specific reverse primer 'HEV-B' was used for 'CoxB4-XO5690' and the 'anti- 
BE' for 'BEV-DO0214'. Products were analysed by electrophoresis and the results are 
shown as Figures 4.1. 
Figure 4.1: ElectrophoreSis result of 'Co-,, B4-XO5690' and 'BEV-DO0214', 
amplified by pan-forward pruner-'ENT-BE' and specific reverse pruners of the 
'BEV-B' for 'CoxB4-XO5690' and the 'Anti-BE' for 'BEV-DO0214'. 
The electrophoresis result in Figure 4.1 demonstrated that the pan-forward primer 
'ENT 
BE', which is predicted to work for all the Human Enterovirus and BEV 
isolates, can 
efficiently amplify viruses of the CoxB4 and BEV (represented 
by 'CoxB4-XO5690' and 
'BEV-DO0214'). The reverse primer 'I-IEV-B' and 'anti-BE', both effected the specific 
amplification of these two viruses. The products have the expected size of approximately 
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500bp; 'BEV-DO0214' amplification product has a smaller size than 'CoxB4-XO5690' 
with the expected size approximate 450bp. Both of the PCR amplification products of 
CoxB4 and BEV viruses have been sequenced (by Lark Company) and compared with 
the sequence information in Gene-Bank, to confirm that they are the strains of A05690' 
(the Gene-Bank number in CoxB4 sera-type) and 'DO0214' (the Gene-Bank number in 
BEV sera-type), this can be referenced in Chapter V, section 5.3.6. There is no 
uninfected cell RNA amplification on thi ive control but this negativity is gel as a negat' 7 
has been confirmed by other experiments (not shown), this can be referenced from 
Chapter VI, section 6.2.2.1, in which that RNA was extracted directly from cell-grown 
viruses and can be specifically amplified with the RNA from the culturing cells involved. 
This can also be referenced as Chapter V, section 5.3.1, in which although the labelled 
products were not PCR products, negative control, labelled Hela cell RNA alone in the 
end has no hybridization signal at all in this established microarray. 
This experiment designed here shown in Figure 4.2 below, was to test whether the 
fluorescent labels would adversely affect PCR amplification when directly added into the 
PCR system, which was then analyzed by the electrophoresis as shown in Figure 4.2. 
Figure 4.2 A single pair of primers (pan-forAý'ard pruner -ENT-BE' With specific reverse 
primers 'HEV-B' for CoxB4 and 'anti-BE' for BEV) to specifically amplify 'CoxB4-X05690' 
and 'BEV-DO0214' cDNA sample labeled with Cy3 or Cy5 M the PCR reaction. 
Figure 4,2 is shown the single pair of primers (pan-forward primer 'ENT-BE' with 
specific reverse primers 'BEV-B' for CoxB4 and 'anti-BE' for BEV) specific 
PCR 
amplification of 'CoxB4-XO5690' and 'BEV-DO0214'. The 5ýtl amount cDNA samples 
of 'CoxB4-XO5690' and 'BEV-DO0214' were labeled with 
Cy3-dCTP or Cy5-dCTP 
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directly in the PCR reaction (see Section 2.8.2). 3ýtl of the products were loaded on gel, 
Clear bands were observed and thus from this basic analysis it was clear that labeling did 
not abolish reaction product formation. Thus the electrophoresis results above 
demonstrates that the fluorescent labels do not influence the PCR amplification's 
efficiency, as in comparison with the Figures 4.1 and 4.2, there are no significant 
difference between the same virus samples ('CoxB4-XO5690' and 'BEV-DO0214) and 
the same pairs of primers ('ENT-BE, 'HEV-B' and 'anti-BE) in Figure 4.1 without cy- 
dye labeling and in Figure 4.2 with it (such as the similar molecular weight and the 
brightness of the PCR products on gel). However at this stage it was not clear how 
successful label incorporation had been, which needs to be further investigated by 
hybridization to the established microarray (this will be discussed in Chapter V). 
Figure 4.3 below presents the eelectrophoresis result of PCR as applied to the HAV 
infected cell RNA and incorporating the specific pair of primers 'forward HAV" and 
'reverse HAV ly 
Figure 4.3 ElectrophoresiS result of HAV amplified by a pair of 
special primers m duplication 
The positive amplification observed in Figures 4.1-4.3 confirmed that the five primers 
('ENT-BE', 'F[EV-B', (anti-BE',, 'forward HAV and 'reverse HAV) can specifically 
amplify these three kinds of viruses. Those results can be further confirmed that they are 
virus amplification products by their labelled products hybridizing against the specific 
probes designed for these specific viruses (referenced as Chapter V, section 
5.3). This 
amplification conclusion cannot tell these primers can exactly amplify other viruses 
in 
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this virus family without trying more other viruses, however, as these primers were 
designed basing on the alignment of the sequences in Gene-Bank,, their amplification 
ability might be assumed. As the condition's limitation, we only got these three types of 
viruses; the more different types of viruses need to try to confirm the primer's usability in 
the future work. 
4.2.3 Multiplex PCR 
4.2.3.1 Multiplex PCR of two samples with three primers 
Since multiply viruses are likely to be present simultaneously in environmental samples, 
a single pair of primers, directed at only one kind of virus will not succeed in amplifying 
them all. Although a pan-forward primer was designed for the Human Enteroviurse in 
Picornaviridea,, the reverse primers were still specific. To amplify as many viruses as 
possible in this virus family, we needed to apply the multiplex PCR amplification 
approach. Consequently, two partially redundant primer pairs (comprising three different 
primers) were used to amplify two different viruses ('BEV-DO0214' and 'CoxB4- 
X05690') in a single PCR reaction. The PCR reaction was according to section 2.5 in 
Chapter 11. And the electrophoresis result is presented in Figure 4.4 below. 
Figure4.4 Simple multiplex PCR using three primers for 'CoXB4-XO5690' and 'BEV- 
D00214' amplification, either RNA or cDNA sample were combined for RT-PCR and/or PCR. 
'CoxB4-XO5690' and 'BEV-DO0214' amplified by single pair of pri-mers are also included as 
positive controls. (There are lanes 3 and 5 on this gel would not be addressed) 
Figure 4.4 is shown the results of the multiplex PCR reaction. There are also cDNA 
samples of 'CoxB4-XO5690' and 'BEV-DO0214' amplified separately 
by a pair of 
specific primers in a single PCR reaction, used as a positive control to confirm 
the sizes 
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of the amplicons on the gel. Two PCR products of different size are clearly shown on the 
gel lanes 2 and 4 in Figure 4.4. One of these has the same as the positive control 'BEV- 
D00214' in lane 1. and the other is a little larger than 'BEV-DO0214', corresponding to 
'CoxB4-XO5690' in lane 6. (Lanes 3 and 5 are not related to this experiment. ) The 
abundance of the two PCR products is different, where the 'BEV-DO0214' is less 
abundant than 'CoxB4-XO5690' (this phenomenon likely happens in the multiplex PCR 
reaction, because of the amplification efficiency of different primers for different samples; 
this could be further researched by Real-Time PCR in the future work). This 
electrophoresis result here confirmed the success of the three primers in multiplex 
amplification either to double RNA or cDNA samples of two kinds of viruses. The 
amplification also clearly demonstrates that this approach has the potential to increase 
significantly the number of viruses detectable in a single reaction, although it was only a 
simple multiplex (duplex) system. Linking with microarray techniques, this certainly 
represents an advance on conventional PCR since the identification of products is 
objective with greater potential for specificity than detection based on amplicon size. 
4.2.3.2 Multiplex PCR of three samples with five primers 
In another multiplex PCR system, five primers were used, which represent a pair of 
primers for HAV fforward HAV' and 'reverse HAV), a pan-forward primer ('ENT-BE') 
for all the Human Enteroviruses and two specific reverse primers for 'CoxB4-XO5690' 
('HEV-B') and 'BEV-DO0214' ('anti-BE') respectively to react in a single 50ýtl PCR 
system,. Before PCR, their RNA extracted from these viruses was reverse transcribed 
into eDNA with 'OligdT25-30' according to Section 2.3; and then the PCR amplification 
was carried out according to Section 4.2.3.1 described above. The electrophoresis result 
is shown in the Figure 4.5 below. 
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Figure 4.5 Multiplex PCR with three samples ('HAV, 'CoxB4-XO5690' and 
'BEV-DO0214') and five primers reacted "in the same PCR system, smigle 
specific PCR of 'CoxB4-XO5690' served as the positive control. 
Figure 4.5 shows the electrophoresis result of these three samples and five primers' 
reaction. It can be seen from the gel that this reaction yielded two specific products. The 
larger one was the size expected for CoxB4 virus (reference as section 4.2.2, Figure 4.1), 
the other was the size expected for products from HAV and BEV viruses, but these are so 
similar in length that they would not be resolved (reference as section 4.2.2, Figures 4.1 
and 4.3,, as the molecular weight of BEV and HAV viruses amplified by those specific 
primers are both similar with each other, which is in between 400bp and 500bp. ). And 
also the smaller band appears greater in amount; this may indicate that it consists of two 
amplification products. As discussed before, electrophoresis cannot distinguish the origin 
of amplification products which have very similar sizes. Microarray-based detection was 
conducted subsequently to resolve this point by hybridizing the labeled PCR products in 
multiplex PCR reaction to the established microarray, which will be addressed in Chapter 
V. 
4.3 Chapter discussion 
Since this project seeks to detect viruses present at low concentrations in environmental 
samples, an adequate, robust and reliable amplification method is vital. Our results 
indicate that the pan-reactive forward primer designed here did indeed show broad 
reactivity using three viruses from different families in the Picornavirus and infecting 
different hosts. However the 3 ly -end pan-reverse primer were less successful, unmodified 
oligodT' (was tried to target to the Poly-(A) tail) was found not to function. 
Attempting 
to modify the conditions such as changing cycle times and reducing annealing 
temperature failed to improve the amplification and thus use of unmodified 'oligodT' 
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was discontinued. Therefore another alternative method: multiplex was mainly focused 
on in this project. 
The multiplex PCR demands more careful optimization than generic PCR. However 
combing the multiplex PCRs with the microarray technique could make multiplex PCR 
more useful; different amplicons size is not required and products may be identified by 
hybridization. Although in this stage the multiplex PCR used for this project is only a 
simple system, the work presented in this chapter here clearly demonstrates that this 
approach has the potential to increase significantly the maximum number of viruses 
detectable in a single assay. Although there is still a difficulty to design compatible 
multiplex primer sets, it is certainly possible to increase this value to 4-6 such pairs and 
even more (Elfath, 2000). This could amplify most of the virus groups in the 
Picornavirus family (reference as Tables 2.3 and 2.4), such as groups of Enterovirus 
(including Human Enterovirus A, B, C and D, Bovine Enterovirus and even Poliovirus), 
Hepatovius, and even Aphthovirus (with the expectation). 
Differences in amplicon size are of course essential if distinction is based solely on gel 
migration, when products are separated by size; the different DNA bands are clearly 
visualized to indicate the viruses that must be present. This requirement would also 
fundamentally bias the amplification efficiencies of different products. Fortunately, 
microarray techniques represent an advance on conventional PCR since the identification 
of products is objective with greater potential for specificity than gel migration. Spurious 
PCR products are not a significant problem because only those sequences specific to the 
microarray probes will be detected. We anticipate that multiplex amplicons may be 
designed for similarity in size and even base composition, such that optimization of the 
reaction for even amplification of all products may be much more straightforward. 
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CHAPTER V: MICROARRAY-BASED DETECTION OF VIRAL SEQUENCES 
5.1 Chapter Introductions 
Chapters III and IV have described the establishment of viral mciroarrays design and 
verification of primers for amplification of viral sequences. The next step in development of 
the system was to derive conditions for the hybridization of the labeled PCR targets to the 
probes established on the microarray. Detection instruments and software can then interpret 
the hybridization signal to identify which viruses were present in the original specimen. The 
aim of this chapter was to establish a microarray-based detection system for viruses that uses 
labeled amplification samples. The virus detection microarray model was established by 
interpreting and analyzing the data from hybridization signals and then to applied for virus 
detection in environmental samples. 
5.1.1 Data analysis 
Here different methods for data analysis and their effect upon virus identification accuracy 
are discussed. Before describing which methods have been used, the definitions of virus 
identification accuracy, sensitivity and specificity need to be given: 
Accuracy (%): 
(TP + TN) 
_x (TP + TN + FP + FN) 
Specificity (%): 
TN 
x% (TN + FP) 
Sensitivity (%): 
TP 
x (TP + FN) 
Where: 
TP (True positive): The numbers of probes that correctly identify a known present virus as 
being present within the given hybridized sample. 
FP (False positive): The numbers of probes that incorrectly identify a known absent virus as 
being present within the given hybridized sample. 
TN (True negative): the numbers of probes that correctly identify a known absent virus as 
being absent within the given hybridized sample. 
FN (False negative): the numbers of probes that incorrectly identify a known present virus as 
being absent within the given hybridized sample. 
The general data analysis procedure used in this chapter, to 
identify a system of accurate 
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'T') symbols. It cannot work for Human Enterovirus D, which is only represented by one 
strain (Only one strain has been sequenced). There could be many other strains out there 
have not been sequenced might have different nucleotide; however, as that is not clear; 
this database coming from the GeneBank of the sequenced strains should be the 
information to be based on to design the primer at this stage. So here the matching of the 
Enterovirus D has been ignored, as most of the other group: Enterovirus A, Enterovirus 
B, Enterovirus C and Bovine Enterovirus are the same but different from Enterovirus D. 
The same principle was applied to 15 th nucleotide, where only Enterovirus A was not 
accommodated. Furthermore, for the 12 th nucleotide, it is exactly based on the matching 
of Enterovirus D. This is for two reasons: Enterovirus D has been ignored at different 
positions more than once, and it only has one strain in the whole serotype so far from the 
data base in the GeneBank. So it should be considered seriously, otherwise, it might not 
work for the whole Human Enterovirus D serotype. On the other hand, the ambiguity 
code 'Y' could be applied here, however, in our opinion, the more ambiguity codes in a 
primer the less sensitivity and stability the primer will possess. Finally, nucleotide 'T' is 
expected to suffice at positions 18 th and 21't, because 'T' is the majority nucleotide in all 
of the five alignments. Therefore, the pan-forward primer for all the Human Enterovirus 
and Bovine Enterovirus isolates has been designed as: 5ý- 
ATGATNGCCTATGGTGATGATGT-3 ý. 
The primers design described above is based on the Gene-Bank database of the strains 
that have been sequenced in the Human Enterovirus group, the numbers (as we 
comprised above) in the database do not reflect the commonality of viruses in the 
environment. We do not have the real number of what kinds of viruses most frequently 
circulated in the environment, which actually is the one of the main goals we are going to 
achieve in this project in the long run; however, in order to understand this, we have to 
settle up a detection system (such as design primers) first, which needs to be based on 
some information we can get. We assume the way that the primers designed is reasonable, 
the evidence can be got from the electrophoresis results shown below and needs to be 
further adjusted and confirmed in the further work by estimating more viruses 
in the 
environment. 
4.2.1.2 The design of 'Reverse' (positive sense) primers 
No pan-reverse primer for all the Human Enterovirus and 
Bovine Enterovirus isolates 
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had yet been designed. Therefore, cross reactive reverse primers were designed by using 
the unique sequences at the 3'-end of the viruses. Although, these are less well conserved, 
it was felt that group-specific Y-end primers might be designed which would still reduce 
the complexity of reactions compared with reactions containing full multiplexed pairs. 
Additional constraints sought to minimize self or inter-primer complementarities and to 
minimize heterologous virus amplification where possible by terminating preferably at a 
conserved amino acid codon and at a non wobble position within this codon. Software 
'Primer 3.0' (The method of using software 'Primer 3.0' is simply input the previously 
designed primers and then get their parameters automatically. ), was used to analyze these 
primers and estimate the parameters (such as the annealing temperature, the 'GC' content 
and the primer dimmer, etc). Primer sequence could then be modified and reanalyzed 
until a suitable sequence was obtained. Since more than one specific reverse primer will 
be in the same PCR system, the annealing temperature should be considered as the most 
important parameter, since the more similar they are the better. 
In all the primer designing addressed above, a pan-forward primer was developed that 
should recognize most or all of the Human Enteroviruses and Bovine Enteroviruses at the 
'YGDD' motif Cross reactive primers were designed based on the unique sequences at 
the 3'-end of the viruses, which were heterogeneous. These cross reactive primers could 
not be designed to the whole family, instead viruses were aligned by genus or genotype 
and a primer was designed that should have broad reactivity within these groups but little 
between groups. This means that we will be unable to amplify all viruses in a given 
sample in a single reaction by this approach as originally hoped. However the cross 
reaction within a group means that the number of reactions required should be kept to a 
manageable scale. Based on these considerations the primers selected for this project are 
listed in Table 4.7. 
Table 4.7 Summary of the designed primers: A pan-forward primer for all Human Enterovirus and BEV, 
specific reverse primers for Human Enterovirus B and BEV; and a pair of specific primers 
for HAV. 
Name Primer(51-3') Tm (*C) MW (9/mol) length 
ENT+BE ATGATNGCCTATGGTGATGATGT 64.0 7129.2 23 
(pan-forward) 
HEV-B ACCGAAYRCGGADAATTTACC 60.4 6410.0 21 
(specific-reverse 
Anti-BE GGCCAAATTGAAGCTAATTAAA 60.2 6855.5 22 
(specific-reverse) 
Forward HAV ATYCTYTGTTATGGAGATGATGT 58.0 7099.4 23 
(specific-forward) 
Reverse HAV TTAAACAAATCATGAAAGGTCAC 59.4 7048.6 23 
(specific -reverse) 
Ambiguity code: R=A or Q D=G or A or T, Y=C or T, 
N=A or C or G or T 
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of the amplicons on the gel. Two PCR products of different size are clearly shown on the 
gel lanes 2 and 4 in Figure 4.4. One of these has the same as the positive control 'BEV- 
D00214' in lane 1, and the other is a little larger than 'BEV-DO0214', corresponding to 
'CoxB4-XO5690' in lane 6. (Lanes 3 and 5 are not related to this experiment. ) The 
abundance of the two PCR products is different, where the 'BEV-DO0214' is less 
abundant than 'CoxB4-XO5690' (this phenomenon likely happens in the multiplex PCR 
reaction, because of the amplification efficiency of different primers for different samples; 
this could be further researched by Real-Time PCR in the future work). This 
electrophoresis result here confirmed the success of the three primers in multiplex 
amplification either to double RNA or cDNA samples of two kinds of viruses. The 
amplification also clearly demonstrates that this approach has the potential to increase 
significantly the number of viruses detectable in a single reaction, although it was only a 
simple multiplex (duplex) system. Linking with microarray techniques, this certainly 
represents an advance on conventional PCR since the identification of products is 
objective with greater potential for specificity than detection based on amplicon size. 
4.2.3.2 Multiplex PCR of three samples with five primers 
In another multiplex PCR system, five primers were used, which represent a pair of 
primers for HAV fforward HAV and 'reverse HAW), a pan-forward primer ('ENT-BE') 
for all the Human Enteroviruses and two specific reverse primers for 'CoxB4-XO5690' 
('HEV-B') and 'BEV-DO0214' ('anti-BE') respectively to react in a single 50ýtl PCR 
system,. Before PCR, their RNA extracted from these viruses was reverse transcribed 
into cDNA with 'OligdT25-30' according to Section 2.3; and then the PCR amplification 
was carried out according to Section 4.2.3.1 described above. The electrophoresis result 
is shown in the Figure 4.5 below. 
106 
was discontinued. Therefore another alternative method: multiplex was mainly focused 
on in this project. 
The multiplex PCR demands more careful optimization than generic PCR. However 
combing the multiplex PCRs with the microarray technique could make multiplex PCR 
more useful; different amplicons size is not required and products may be identified by 
hybridization. Although in this stage the multiplex PCR used for this project is only a 
simple system, the work presented in this chapter here clearly demonstrates that this 
approach has the potential to increase significantly the maximum number of viruses 
detectable in a single assay. Although there is still a difficulty to design compatible 
multiplex primer sets, it is certainly possible to increase this value to 4-6 such pairs and 
even more (Elfath, 2000). This could amplify most of the virus groups in the 
Picornavirus family (reference as Tables 2.3 and 2.4), such as groups of Enterovirus 
(including Human Enterovirus A, B, C and D, Bovine Enterovirus and even Poliovirus), 
Hepatovius, and even Aphthovirus (with the expectation). 
Differences in amplicon size are of course essential if distinction is based solely on gel 
migration, when products are separated by size; the different DNA bands are clearly 
visualized to indicate the viruses that must be present. This requirement would also 
fundamentally bias the amplification efficiencies of different products. Fortunately, 
microarray techniques represent an advance on conventional PCR since the identification 
of products is objective with greater potential for specificity than gel migration. Spurious 
PCR products are not a significant problem because only those sequences specific to the 
microarray probes will be detected. We anticipate that multiplex amplicons may be 
designed for similarity in size and even base composition, such that optimization of the 
reaction for even amplification of all products may be much more straightforward. 
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CHAPTER V: MICROARRAY-BASED DETECTION OF VIRAL SEQUENCES 
5.1 Chapter Introductions 
Chapters III and IV have described the establishment of viral mciroarrays design and 
verification of primers for amplification of viral sequences. The next step in development of 
the system was to derive conditions for the hybridization of the labeled PCR targets to the 
probes established on the microarray. Detection instruments and software can then interpret 
the hybridization signal to identify which viruses were present in the original specimen. The 
aim of this chapter was to establish a microarray-based detection system for viruses that uses 
labeled amplification samples. The virus detection microarray model was established by 
interpreting and analyzing the data from hybridization signals and then to applied for virus 
detection in environmental samples. 
5.1.1 Data analysis 
Here different methods for data analysis and their effect upon virus identification accuracy 
are discussed. Before describing which methods have been used, the definitions of virus 
identification accuracy, sensitivity and specificity need to be given: 
Accuracy (%): 
(TP + TN) 
x% 
Specificity 
Sensitivity 
Where: 
(TP + TN + FP + FN) 
TN 
(TN + FP) 
TP 
(TP + FN) 
TP (True positive): The numbers of probes that correctly identify a known present virus as 
being present within the given hybridized sample. 
FP (False positive): The numbers of probes that incorrectly identify a known absent virus as 
being present within the given hybridized sample. 
TN (True negative): the numbers of probes that correctly identify a known absent virus as 
being absent within the given hybridized sample. 
FN (False negative): the numbers of probes that incorrectly identify a known present virus as 
being absent within the given hybridized sample. 
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The general data analysis procedure used in this chapter, to identify a system of accurate 
identification of viruses is summarized in Figure 5.1 below. The first step is the hybridization 
of known samples that should give rise to predicted signal patterns with strong signals 
resulting from the recognition of these specific sequences. 
Hybridization of known samples 
+ 
Scanning of slides 
+ 
Feature extraction via BlueFuse 
+ 
Normalisation 
+ 
Filtering of poor probes/spots 
4v 
Application of identification threshold 
Identification of virus 
Figure 5.1 General data analý sis procedure appl led to al I arraý s produced throughout this project (both 
'known' virus and environmental 'unknown' samples). The boxes depicted in red are those steps that 
have been tested for their effect upon identification accuracy; the accuracy with which the known virus 
in the known sample was identified. 
After scanning the slide (using an Affymetrix 428 scanner), the 
Bluefuse software 
(BlueGnome Ltd, Version: 3.5.0.6446) was used for feature extraction. Within Bluefuse 
several descriptors are used to classify the data. As they are used throughout 
this chapter, it is 
first important to understand what they entail (the following brief description 
is taken from 
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the Bluefuse user guide). 
FLAG: The letter A, Bý Cý D or E represents a confidence estimate of a good true signal in a 
spot (this assignment is derived incorporating many features such as the circularity of a spot 
and the uniformity of signal across the spot). Each letter represents different degrees of 
confidence in the signal being true. In this work these are 0.00 <E<0.10,0.10 <D<0.30ý 
0.30 <C<0.50,0.50 <B<0.70ý 0.70 <A<1.00. Therefore, 'E' is seen as 'bad' and 'N as 
very good. 
QUALITY: An estimation of the extent to which a spot has been affected by 
systematic/technical artifacts in its production. These might include poor printing or dust and 
scratches on the slide. A quality parameter of '1' indicates the spot to be acceptable; a quality 
of '0' indicates that the spot is unacceptable. 
AMPChI and AMPCh2: The total signal in channel I or channel 2, respectively. 
LogMafio CHI/CH2 and LogMafio CH2/CH1: Log, base 2, of the ratio of total signal in 
channel I divided by total signal in channel 2 or of the ratio of total signal in channel 2 
divided by total signal in channel 1. 
PonCHI or PonCH2: estimate of whether there is a biological signal in channel I or 
channel 2, between '0' and 'I' (I being the most confident). 
After feature extraction,, which means getting the raw data from the BlueFuse software in Excel the 
next step of data analysis is normalization which can be conducted by different techniques, 
such as 'global median' and/or 'block median'; is applied to the raw output data to minimize 
noise within the data. Noise here is used to describe background effects on an array; in 
beled material noise can arise from technical errors addition to non-specific binding of lant, 
such as dust on the surface, irregular spot printing, and non-uniform light intensity 
detection 
efficiency (where some parts of an array seem to have more fluoro-nucleotide than others not 
due to biological variation). Noise can be problematic for studies that look at signal 
intensity 
changes as it can distort the levels of a signal. Thus, in this study 
different normalization 
strategies are compared for their effect on identification accuracy of a 
known virus. 
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the data than without normalization. Where: 
Global median: [(Signal of probe A in sample X) / (Median of measurements taken in 
sample X)] after dividing signal of probe A by reference channel for probe A. 
Block median: [(Signal of probe A in block I in sample X) / (Median of measurements in 
block I taken in sample X)] after dividing signal of probe A by reference channel for probe A. 
(Note: the terms 'block' and 'sub-grid' are interchangeable. ) 
No filtering is applied and all spots are used in the calculation of medians for either global or 
block median normalization. It is only after normalization that poor probes/spots are filtered 
out. The filtering of probes is again a step that can affect accuracy of virus identification; a 
poor filter may allow a bad spot that has a high ratio leading to miss-classification of the 
virus (that the probe corresponds to) being present, whilst a very stringent filter will allow 
fewer probes and may lead to miss-classification of the virus not being present. Thus, this 
work compares different filtering strategies and its effect on virus identification accuracy. 
After filtering, a threshold of identification needs to be applied. Typically, in microarray 
experiments, an arbitrary threshold has been applied to identify genes that are differentially 
expressed; historically this has been set at 2 fold difference (Blanchard, 2001). However, as 
the arrays produced and utilized in this study are concerned with the presence or absence of a 
virus within a sample, this threshold is not relevant. Instead a different approach has been 
taken. Here different thresholds are created by using the median and standard deviation(s) of 
a data set. As it is thought that most probes should not have signal in an array (as not every 
virus will be in a sample), the median ratio of the data will represent the majority of probes. 
The standard deviation (a measure of spread) is then used to find probes that are different to 
the majority, the higher the 'median + standard deviation'; the further away those probes are 
from the majority and thus more likely to identify a virus present in the hybridized sample. 
Different multiples of 'median + standard deviation' (thresholds) are thus applied and 
checked for virus identification accuracy. 
5.2 Results 
5.2.1 Hybridization results with Microarray VM1 
This was the first experiment to check the microarray detection system and used 
Microarray 
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5.2 Results 
5.2.1 Hybridization results with Microarray VMI 
This was the first experiment to check the microarray detection system and used Microarray 
VMl (see Section 3.2.2.1). The main point of this experiment was to check the working 
efficiency of the established microarray and a large quantity of cultured known virus was 
labeled in the RT step to minimize the possibility of problems caused by complex 
procedures. 
RNA was extracted from 'CoxB4-XO5690' infected Hela cells and from uninfected Hela 
cells as a control. The first-strand cDNA labeling method (see Section 2.8.1) was applied to 
label the RNA with Cy3-dCTP and the uninfected cell RNA with Cy5-dCTP by 'oligodT' 
primed reverse transcription. The labeled products were purified using the 'CyScribe GFX 
Purification Kit' (see Section 2.9.1) to achieve good purity before hybridization and the 
incorporation of label was determined spectrophotometrically and confirmed to be of good 
quality. The layout of VMI is illustrated in Section 3.2.2.1 and hybridization procedures 
were as described in section 2.11. The resulting image is shown as Figures 5.2 and 5.3. 
In Figure 5.2, it can be seen that only four clear green lines (Cy3-dCTP 
fluorescently labeled 
samples should display green signal in the 
hybridization output results) on this array 
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Figure 5.2 Scanning result of the first-strand cDNA 
labeling hybridization for 'CoxB4-XO5690' on 
microarray VM I. 
the hybridization in Figure 5.2 (enlargement of four 
sub-grids at bottom left). 
(analysis by BlueFuse software), and these lines lie on the positions of probe '48-HEV-134' 
that was designed for the hybridization with 'CoxB4-XO5690' (one of the strains of Cox134 
virus group). The detailed probe arrangement of these four sub-grids with the rows of spots 
showing green signal is interpreted in Figure 5.3. Each first three lines of each sub-grid are 
the 'Scorecard Controls' (Amersham), which served as a commercial external control. This 
group of external controls (shown as different intensities in Figure 5.3) is normally 
recommended to evaluate input and output ratios, signal linearity, hybridization specificity 
and consistency across individual slides as well as to facilitate slide-to-slide comparisons. 
However, this is the first and only time that the 'Scorecard Controls' were used as this 
control system is mainly used for gene expression microarrays and it is relatively expensive. 
The lines on the bottom labeled 'Empty' are negative controls, which help to determine the 
noise in the experiment, to evaluate the background and to ensure the absence of probe 
carryover contamination. In this result the negative control lines are clear, which means that 
there is little noise in the system and there is no such carryover contamination. There is no 
red color appearing in this result (hybridization signal of the Cy5-dCTP labeled sample), 
which indicates that the control HeLa cell cDNA did not hybridize detectably to the 
virus-specific probes. Similarly in this admittedly limited test, only low level cross 
hybridizations were detected under these conditions. Therefore this hybridization result has 
verified both the probe design and the first strand cDNA labeling procedure. Although this 
test is certainly limited, it does demonstrate the desired features at this stage of the 
development. 
5.2.2 Hybridization results with microarray VM2 
5.2.2.1 Hybridization result of in-PCR labeling method with VM2 
The first-strand cDNA labeling method is only applicable during the developmental stage of 
the microarray since the quantity of the viral RNA obtained from infected cell cultures is 
high. It would not be applicable to real water samples, where the viruses are few, and are not 
always cultivable before labeling. Therefore if fluorescent is to be used as the 
labeling 
system, amplification will be required. The in-PCR direct labeling method 
(See Chapter 11: 
2.8.2) is a good choice for labeling as it is more likely to be applicable to real-water samples. 
Although, there is a third alternative, that of labeling the PCR products after amplification, 
the PCR direct labeling method simultaneously labels and amplifies cDNA products, saving 
time when compared to PCR product post labeling. 
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In this directly labeling experiment two RNA samples were prepared, one was from 
'BEV-DO0214' infected cells and the other is from 'CoxB4-XO5690' infected cells. After 
reverse transcription primer by 'OligodT', the cDNA from 'BEV-DO0214' was incorporated 
directly with Cy5-dCTP during the PCR reaction with the pair of primers of 'ENT-BE, and 
'Anti-BE'; whilst the cDNA from 'CoxB4-XO5690'was labeled with Cy3-dCTP in the PCR 
reaction with the pair of primers of 'ENT-BE' and 'HAV-B'. The hybridization results are 
shown in Figures 5.4 and 5.5. 
Figure 5.4 Scanning hybridization 
result of 'CoxB4-XO5 690' (Cy3 -dCTP) 
and 'BEV-DO0214' (Cy5-dCTP) 
amplified by in-PCR direct labeling 
method using the micraorray VM2. 
Figure 5.5 Interpretation of the hybridization 
signal in the sub-grids with four rows of red 
spots in Figure 5.4 (The sub-grids with rows of 
green spots correspond to those highlighted in 
Figure 5.3. ). 
The hybridization result in Figures 5.4 and 5.5 is shown that the in-PCR direct labeling 
method is feasible. The Cy3 labeled 'CoxB4-XO5690' virus sample hybridized to the 
position of the probe '48-HEV-B4', which is specifically designed for 'X05690' virus 
detection. The hybridization signals presented with four rows of green spots, matched the 
Cy3-dCTP fluorescence labels. Cy5-dCTP labeled 'BEV-DO0214' hybridized to the position 
of the probe '57-P-BEV', designed for the BEV virus. There are 
four clear rows of red spots 
representing the predicted hybridization result. The three probes named as 
'59-F-l', '61-F-3' 
and '63-F-5' were designed for Astrovirus, not 
for Picornoviruses, and were not used in this 
study. Also the first three rows in each sub-grid were changed 
from 'Scorecard' control to 
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Tmpty' (buffer only). Both the specific probes and the direct PCR labeling method have 
been verified from this result. Later, other four strains of BEV virus were tested. All of them 
gave the same results as 'BEV-DO0214' confirming that the probe designed was capable of 
detecting this serotype group of BEV virus (data not shown). 
5.2.2.2 Results of multiplex in-PCR direct labeling and target detection on array VN12 
This experiment was designed to test the multiply in-PCR labelling method, as one pair of 
specific primers did not satisfy the requirements for detection of the environmental samples 
which may have several different viruses. Multiplex PCR amplification was tested in 
Chapter IV, and the products from Cy-dye labelling during amplification needed to be 
hybridised to the microarray to assess whether multiple viruses could be detected 
simultaneously. 
Figure 5.6 Microarray result of two virus ('CoxB4-XO5690' and 
'BEV-DO0214') samples amplified by multiplex PCR, directly 
labeled with cy-dyes on array VM2 layout. 
A simple multiplex PCR using two pairs of specific primers that amplify two viruses in a 
single PCR reaction was conducted (see Section 4.3-3-1), fluorescent Cy3 was used to label 
'BEV-DO0214' alone, and Cy5 was used to label the mixed sample 'BEV-DO0214 and 
CoxB4-XO5690' after the RT reaction. The PCR direct labeling method was applied to carry 
out this multiplex amplification. The hybridization result on the VM2 microarray layout is 
shown in Figure 5.6. The layout of the VM2 microarray is detailed in Chapter 111, 
Section 
3.2.2.2. It can be seen that there were yellow spots in the position of probe '57-P-BEV', this 
indicates that both 'BEV-DO0214' (Cy3-dCTP labeled in green) and 'BEV-VG' (Cy5-dCTP 
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labeled in red) have hybridized to this probe and the two color signals have combined to 
generate yellow. Meanwhile, the position of probe '48-HEV-B4' appears with a red 
coloration, showing that the Cy5-dCTP labeled 'CoxB4-XO5690' has specifically hybridized 
with this probe. Taken together with the combined yellow coloration and the hybridization 
signal of the probe '48-HEV-B4', the two samples multiplex PCR with the PCR direct 
labeling method has been verified successfully. There is a weaker hybridization signal line in 
one of the four sub-grids at the position of the probe '57-P-BEV'. This may be attributed to a 
technical fault with the microarray spotter. This fault can be recognized by its replication in 
other arrays; this is discussed in Section 5.3.5.3 of this chapter. 
5.2.3 Hybridization results with microarray VM3 
5.2.3.1 Hybridization results with PCR direct labelling method with array VM3 
The arrangement of the 17 probes on VM3 is detailed in Section 3.2.2.3, Figures 3.5 and 3.6. 
In every sub-grid, the first column and the first line are printed with probe: '48-HEV-B4', 
which is mainly used as the positive and orientation control. Every virus-specific probe was 
printed in five spots in a cross-configuration in each sub-grid. 
The hybridization result is shown in Figure 5.7 in which HAV was labelled with Cy3-dCTP 
by the in-PCR direct labelling method and 'CoxB4-XO5690' labelled with Cy5-dCTP by the 
same method too, which also served as a positive and an orientation control. In Figure 5.7, 
the probes that had bright green colour (for Cy3) was the probe specifically hybridized with 
the HAV. And the red colour (for Cy5) showed the 'CoxB4-XO5690' had hybridized with 
probe '48-HEV-B4' and '49-HEV-134'. This result confirmed that HAV can be detected by 
this microarray. 
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Figure 5.7 Hybridization result ot Cy3-dC'I'P in-PCK direct Em 
and Cy5-dCTP PCR direct labeled 'CoxB4-XO5690'on VM3. 
HAV 
5.2.3.2 Hybridization results of multiplex PCR direct labelling method with array 
VM3 
This experiment was designed for testing VM3 with labeled products amplified in a 
multiplex PCR reaction. Figure 5.8 shows the microarray hybridization resulting from 
hybridization to labeled products derived from a multiplex PCR in which three different 
viruses ('CosxB4-XO5690', 'BEV-DO0214' and HAV) were amplified in one PCR reaction 
by different pairs of specific primers. The multiplex PCR samples were labeled with 
Cy3-dCTP (showing green); and hybridized along with Cy5-dCTP labeled 'CoxB4-XO5690' 
as the reference. From Figure 5.8 it can be seen that the probes for '51-P-HHAV' and 
'57-P-BEV' show the bright green color (although probe '52-P-(PV+HEV-C)' has some 
cross hybridization signals), and probes for '48-HEV-B4' and '49-HEV-B4' have an orange 
color. This was the outcome of the green mixing with the red color (yellow would represent 
equal signal from both samples). The orange color represents the different quantity of the 
labeled fluorescence; 'CoxB4-XO5690' was more efficiently labeled with Cy5-dCTP than 
Cy3-dCTP. However, this result confirmed that multiplex PCR was suitable for microarray 
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experiments. 
Figure 5.8 Multiplex PCR with three virus samples: CoxB4-XO5690, BEV-DO0214 
and HAV, amplified in one PCR reaction labeled with Cy3; Cy5 labeled 
CoxB4-XO5690 served as the reference. 
5.2.4 Hybridization results with microarray VM4 
5.2.4.1 Hybridization results of 'BEV-DO0214', directly labeled during PCR with single 
dye swap study 
This experiment was designed not only to assess array VM4, but also as an example to 
explore a data analysis strategy by introducing a dye swap. Figures 5.9 and 5.10 show the 
hybridization results of 'BEV-DO0214' directly labeled in PCR reaction with labeled general 
control ('MWG Arabidopsis', see Section 2.10.2.1) together on VM4 in both dye 
orientations (Cy3 and Cy5). 'BEV-DO0214' concentration after labeling in Figure 5.9 was 
6.4pmol/ýtl and in Figure 5.10 was 7.8pmol/ýtl, and the OD260/28o ratio of both of them was 
1.8. The labeling concentration of the general control ('MWG Arabidopsis') in Figures 5.9 
and 5.10 was approximately I Opmol/[tl, the OD260/28o ratios were 1.8 for samples in Figures 
5.9 and 5.10. The hybridization buffer was 20ýtl in total. Thus their working concentrations 
were 3pmol/ýtl for 'BEV-DO0214' and 2pmol/ýtl for 'MWG Arabidopsis'. 
Both Figures 5.9 
and 5.10 correctly show clear signal in the probe position of '5 
7-P-BEV ', which was yellow 
in Figure 5.9 and orange in Figure 5.10. Although this is the expected result, this was 
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achieved by visual inspection of the array images. For more robust results (especially needed 
when testing environmental samples) data analysis techniques need to be applied (as 
depicted in Figure 5.1) The next section will address the normalization, the accuracy, 
sensitivity and the specificity of this hybridization strategy. 
5.2.4.2 Data analysis of the dye-swap hybridization results with BEV and 'MWG 
Arabidopsis'oligo 
As discussed in Section 5.1.1 above, different normalization strategies were applied to the 
data. In Tables 5.1 to 5.3 show the mean, median, and standard deviation of 'all spots' (all 
spots present in the array, including control spots) and 'just probes' (specific probes for 
viruses only) for VM4 No. 50 and No. 51 after different normalization techniques (none, 
global median and block median, respectively) and before any filtering. All mean, median 
and standard deviations are calculated based on the L092RatioCHI/CH2 or 
Log2RatioCH2/CHI,, depending on dye orientation. (In VM4 No. 50, virus sample was 
labeled with Cy3-dCTP; in VM4 No. 51, virus sample was labeled with Cy5-dCTP). Tables 
5.1 to 5.3 illustrate the spread of the data. It can be seen that both the global median (Table 
5.2) and block median (Table 5.3) normalization strategies have worked, in that their 
mean/median values are close to 0 (reasons for this previously described 
in Section 5.1.1). 
Furthermore, it can be seen that the standard deviation (spread of the data) is no different 
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Figure 5.9 (VM4 array No. 50) Hybridization result of 
Cy3 labeled BEV-DO0214 and Cy5 labeled general 
control oligo. 
Figure 5.10 (VM4 array No. 5 1) Hybridization result of 
Cy5 labeled BEV- D00214 and Cy3 labeled general 
control oligo. 
after different normalization strategies compared to raw (Table 5.1), when no non-nalization 
has been applied. 
Table 5.1 Description of data spread on VM4 arrays No. 50 and No-51 by Raw Ratio CHI/CH2 
Filtered data on Log2 Scale 
All Spots Just Probes 
Raw Ratio CHI/CH2 Slide 50 Slide 51 Raw Ratio CHI/CH2 Slide 50 Slide 51 
Mean -5.77 -2.65 Mean -5.66 -2.58 Median -5.90 -2.63 Me Ban -5.81 -2.62 
standard deviation 0.84 0.65 standard deviation 0.84 0.65 
Table 5.2 Description of data spread on VM4 No. 50 and No. 51 by Global Median Nonnalized 
Ratio CHI /CH2 
Filtered data on Lo92 Scale 
All Spots Just Probes 
Global median 
normalized 
ratios CHI /CH2 
Slide 50 Slide 51 Global median 
normalized 
ratios CHI/CH2 
Slide 50 Slide 51 
Mean -0.12 0.006 Mean -0.12 0.006 
Median -0.25 0.03 Median -0.25 0.03 
standard deviation 0.84 0.65 standard deviation 0.84 0.65 
Table 5.3 Description of data spread on VM4 arrays No. 50 and No. 51 by Sub-grid Median Normalized 
Ratio CHI /CH2 
Filtered data on Lo92 Scale 
All Spots Just Probes 
Block median 
non-nalized 
Ratios CHI /CH2 
Slide 50 Slide 51 Block median 
non-nalized 
Ratios CHI /CH2 
Slide 50 Slide 51 
Mean -0.04 0.002 Mean 0.07 0.07 
Median -0.07 -0.001 Median -0.04 -0.001 
standard deviation 0.76 0.54 standard deviation 0.74 0.43 
This is further emphasized by Figure 5.11, which shows that after normalization (either 
global median or block median) both channels (AMPCHI and AMPCH2) of the arrays 
(VM5 No. 50 and No. 51) have similar median 1092 intensities when using all spots on the 
array (includes control spots). Indeed, it can also be seen that there is no obvious difference 
between the two normalization strategies: global median or sub-grid median. 
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Median log(2) intensities for all spots in both channels of slides 50 and 51 before 
and after different applied normalisation strategies 
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Figure 5.11 Two normalization strategies for the median 1092 intensities of VM4 arrays No. 50 and No. 51 
As discussed in Section 5.1.1, to identify a protocol for data analysis and eventual 
identification of viruses present in a given sample, the accuracy of identification after a 
particular protocol (choice of normalisation, choice of filtering, choice of threshold) has been 
applied needs to be assessed. Tables 5.4-5.6 show the calculation of the accuracy, specificity 
and the sensitivity (definitions given in Section 5.1.1) of identifying the known virus (in the 
given sample) when using raw data (Table 5.4), and/or the two different normalizations 
(global median, Table 5.5 and sub-grid median Table 5.6) when considering the mean Lo92 
ratio of known virus sample/reference of VM4 No. 50 and No. 51. The calculations seen in 
Table 5.4 to 5.6 are based on the filtering method of 'quality 0' and 'flag E', which means 
the data reserved have Quality of 'I' and Flag of 'A, B, C or D' (see Section 5.1.1). The 
different thresholds applied are based on the mean Log2ratios of the filtered data set + 0,1,2 
or 3 standard deviations (again based on the filtered list). Using the definitions of true/false 
positive and true/false negatives given in Section 5.1.2 the accuracy of each strategy can be 
assessed using the filtered probe set as input. The accuracy column in these three tables 
(Tables 5.4 to 5.6) shows that there is very little difference between the raw data (no 
normalization) and the two different normalization methods applied. 
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Global median 
Normalisation strategy 
Block median 
Table 5.4 The accuracy, specificity and sensitivity of raw data from VM4 arrays No. 50 and No. 5 1. (the different thresholds applied are based on the median Log2 ratios of the filtered data set + 0,1,2 or 3 standard deviations 
Filtered Raw da 
Th h ld 
ta based on ui and fl u aE on average of the Log2Ratio Sc le-just probes res o s 
4 20341 
TP FN TN FP Total Accuracy % Specificity % Sensitivity % 
- . _3 
0- 214 211 428 i 50.7 50.4 100 3 6032 , - . 8- 3 0 405 
)n 20 A 428 95.3 95.3 100 
-3.00316 3 0 413 12 428 97.2 97.2 100 - -2.40303 _ -3 
0 417 8 8 98.1 98.1 100 
Table 5.5 The accuracy, specificity and sensitivity of global median data from VM4 arrays No. 50 and No. 51 
Global Med ratio Filtered data based on Quality 0 and flag E on average of the Log2RatiO 
Scale- robes 
Thresholds TP FN TN FP Total Accuracy % Specificity % Sensitivity % 
-0.0493 3 0 212 213 428 50.2 49.9 100 
0.220827 3 0 406 19 428 95.6 95.5 100 
1.150953 3 0 413 12 428 97.2 97.2 100 
1.751078 3 0 417 8 428 98.1 98.1 100 
Table 5.6 The accuracy, specificity and sensitivity of block median data from VM4 arrays No. 50 and No. 51 
Block ratio Filtered data based on Quality 0 and flag E on average of the Log2Ratio Scale-just 
probes 
Thresholds TP FN TN FP Total Accuracy % Specificity % Sensitivity % 
-0.02806 3 0 213 212 428 50.5 50.4 100 
0.500375 3 0 406 19 428 95.3 95.3 100 
1.028807 3 0 410 15 428 97.2 97.2 100 
1.557239 3 0 417 8 428 98.1 98.1 100 
Since the accuracy of each dataset is virtually the same, it leads to the assumption that the 
nonnalization is not necessary for this project, given the selection criteria used (filtering 
method to get rid of 'bad' spots, then threshold based on the spread of values in the data set 
that passed the filtering). This is important given that this project is concerned with 
identifying the presence or absence of a virus and does not focus on the intensity difference 
from different probes. Therefore, for the data analysis of the rest of the arrays, normalization 
was not applied. It is also worth mentioning that the accuracy of identification is very high, 
recalling that a random method of identification (presence/absence) would give an accuracy 
of 50%. In all cases, the presence of the virus (BEV virus) was correctly identified. It is also 
important to note that no false negatives were counted (which could have led to such a high 
accuracy) this is because of the filtering method applied. The lack of false negatives also 
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produces a high sensitivity (100%) due to the nature of the calculation. The high specificity 
(98%) seen in Tables 5.4 to 5.6 indicates that this method (using median +3x standard 
deviation) for identifying presence of a virus is very good. 
Figures 5.12 and 5.13 show the correlation between control and sample channels of VM4 
arrays No. 50 and No-51 based on the intensities of all spots (including controls) on the array. 
VM4 arrays No. 50 and No. 51 represent the same sample and control in a dye swap design i. e. 
the sample is labelled with Cy3 and the reference with Cy5 on No. 50 and the sample is 
labelled with Cy5 and the reference with Cy3 on No. 5 1. When considering all spots on the 
two arrays (without application of any filtering) it can be seen that they are correlated with 
each other,, as the correlation of control (reference) channels is 0.91 and the correlation of 
samples channels is 0.86. 
Correlation between Control channels of slide 50 and 51 
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Figure 5.12 Correlation between control channels of VM4 arrays No. 50 and No. 51 
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Correlation between Sample channels of slide 50 and 51 
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Figure 5.13 Correlation between sample channels of VM4 array No. 50 and No. 51 
The correlation of the sample channels assumes that there is a linear relationship between the 
1092 AMPCHI intensities for all spots on VM4 array No. 50, and the 1092 AMPCH2 
intensities for all spots on VM4 array No. 51. If they have the same trajectory then their 
correlation would be 'I'; if they are opposite then their correlation value will be '-I'; if no 
relationship exists between them their correlation will be '0'. The correlation obtained here 
suggests that the sample channels on the two slides labeled with different dyes are very 
similar the strength of the relationship is shown in Figure 5.14. 
Strong - Moderate - Weak -I Weak +I Moderate +I Strong 
-1 -0.9 -0.5 0 0.5 0.9 1 
Figure 5.14 Scale indicating the strength of relationship between two objects given the 
magnitude of the correlation score. 
The strength of the relationship between the two control channels is in the Strong scale, and 
in the sample channel it is in the Moderate scale indicating that the intensities are quite 
related to each other. This is important to test as naturally Cy3 and Cy5 have different colour 
intensities, which normally require correction: dye-swaps. Ideally, in practice 
dye-swap pairs 
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are recommended to decrease the systematic colour bias, as the incorporation efficiency of 
the two dves into a sample are different. However the correlation between VM4 array No. 50 
and VM4 array No. 51 which are dye-swapped is close to ,I', which means there is not much 
difference in the result obtained using either dye orientation. Therefore in this particular 
pr *ect and given the restricted set of data for testing it appears that it is not necessary to Oj tý 
apply the dye swap. This is important as it reduces the cost of an experiment when testing a 
given water sample for viral presence/absence. Thus, in the subsequent experiments all the 
samples were labelled with CN-5 and the general control 'MWG Arabidopsis' labelled with 
5.2.5 Hybridization results of microarray on VM5 
5.2.5.1 Hybridization results of HAV, directly labeled during PCR with single dye, on 
array VN. 15 
Figure 5.15 H,,,, bridization result of Cy5 labeled HAV and Cy') labeled general 
control oliao on array VM5 No. 69. 
After the study of the normalization and correlation in Section 5.3.4, the experiment 
designed here was used to assess the usability of the array layout VM6 with specific probes 
alone printed on the array and to use this data analysis to 
derive a threshold for the 
environmental samples by assessing the accuracy of the 
hybridization data. Figure 5.15 
shows an example of the hybridization result of 
HAV labeled with Cy5 and the MWG 
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Arabidopsis' oligo labeled with Cy3 on array VM5. In this hybridization, Cy5-dCTP labeled 
HAV and Cy3-dCTP labeled general control oligo were used. The hybridization buffer was 
20[tl in total, and their working'concentrations were 8pmol/ýtl for HAV and 0.25pmol/ýIl for 
the 'MWG Arabidopsis' oligo. Details of the VM5 microarray seen in Figure 5.15 are given 
in Section 3.2.2.5. Figure 3.8. In Figure 5.15 both red and orange color (combination of 
green and red) probes are detected (as VM5 has not only the mixture of general control with 
specific probes printed alone) at the position of the probe '5 1 -P-HHAV' (alone and mixture) 
can be seen, which indicated that there was presence of the HAV virus within the 
hybridization sample. Data analysis of the VM5 No. 69 not only confirmed this result 
observed visually, but also served to identify a suitable filtering method. Already, 
normalization has been discounted as it did not have an effect on virus identification 
accuracy (discussed previously), but there are still other filtering methods, based on the 
BlueFuse output. Before testing environmental samples it was then important to find the 
filtering method that gives the best accuracy without any normalization. 
5.2.5.2 Data analysis of the hybridization results from VM5 array No. 69 
Tables 5.7 to 5.9 show the accuracy, sensitivity and specificity of identifying the virus HAV 
on slide 69 for all the probes when using the log2RatioCh2/ChI column of BlueFuse after 
different filtering methods. In this experiment the 'MWG Arabidopsis' oligo is CHI and the 
virus sample is CH2. 'Quality 0' with 'Flag E' in Table 5.7, with 'Quality 0' and 'P on CH V 
less than 50% (confidence of a signal in channel I needed to be greater than 50% to be 
classed as a 'good' spot) in Table 5.8 and with 'Quality 0' and 'P on CH2' less than 50% 
(confidence of a signal in channel 2 needed to be greater than 50% to be classed as a 'good' 
spot) in Table 5.9. When comparing Tables 5.7 to 5.9, it can be seen that the filtering method 
of 'Quality 0' and 'P on CHI' less than 5 0%' is the better filtering method. This is because of 
the following reasons: Firstly, the sensitivity at the threshold of median +3x standard 
deviation is the highest with this filtering method (Table 5.8) when compared to other 
filtering methods (Tables 5.7 and 5.9). For reasons discussed previously, this 
is 
predominantly because of the lack of false negatives due to the 
filtering; furthermore, the 
threshold is either too high or the method too stringent with the other two 
filtering methods 
(Table 5.7 and 5.9), reducing the true positives and increasing the 
false negatives. Secondly, 
the accuracy is one of the highest (98.63%); it is not the 
highest, as seen in Table 5.9 (100%) 
but the 'perfect' accuracy of the median +3x standard deviation threshold seen 
in Table 5.9 
is misleading as it is achieved by making no virus 
identifications i. e. no probes are seen as 
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having identified a virus. Thirdly, for the same reasons as just discussed (stringent filtering 
and/or too high threshold), the specificity achieved when using the median +3x standard 
deviation is one of the highest and includes making some identification of a virus within the 
given sample. 
Table 5.7: Accuracy, specificity and sensitivity of log2RatioCh2/Ch I of all probes on VM5 No. 69, filtered 
by 'Flag E' and 'Quality 0'. 
Thresholds TP FN TN FP Total Accuracy % Specificity % Sensitivity % 
-8.118 6 0 97 90 193 53.36 51.87 100 
-5.2095 6 0 170 17 193 91.19 90.90 100 
-2.301 6 0 178 9 193 95.34 95.19 100 
0.6075 4 2 178 9 193 94.30 95.19 66.67 
Table 5.8: Accuracy, specificity and sensitivity of log2RatioCh2/ChI of all the probes on VM5 No. 69, 
filtered by 'Quality 0' and 'Pon CHI' less than 50%. 
Thresholds TP FN TN FP Total Accuracy Specificity Sensitivity 
-8.721 6 0 258 253 517 51.06 50.49 100 
-7.284 6 0 462 49 517 90.52 90.41 100 
-5.846 6 0 486 25 517 95.16 95.11 100 
-4.409 6 0 504 7 517 98.65 98.63 100 
Table 5.9: Accuracy, specificity and sensitivity of log2RatioCh2/ChI of all probes on VM5 No. 69, filtered 
by 'Quality 0' and 'P on CH2' less than 50%. 
Thresholds TP FN TN FP Total Accuracy Specificity Sensitivity 
0.161 12 2 49 38 101 60.40. 56.32 85.71 
5.1808 8 6 87 0 101 94.06 100 57.14 
10.2006 0 01 101 1 0 101 100 
100 0 
As T on CHI' or T on CHT represents the possibility of a true signal 
in CHI or CH2, it 
follows that the filtering method of 'Quality 0' and 'P on CHI less than 50%' is the most 
successful/accurate filtering method. This is because this project is concerned with the 
presence/absence of a virus within a given sample; on this slide the virus 
is hybridized in 
CH2. If 'Quality 0 and P on CH2' was used as a filtering method, then very 
few probes will 
pass this filtering (as seen in Table 5.9) as very few probes will 
be hybridized to (and thus 
produce a signal in CH2), as only one virus is contained within the sample. 
This reduced data 
set not only produces less false positives (due to 
less probes passing the filtering), as can be 
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5.2.5.4 Data analysis of the CoxB4 hybridization results from VM5 array No. 61 
The data analysis strategy determined by previous analyses (no normalization and using 
the filtering method of 'Quality 0' and 'P on CHI less than 50%) was performed on 
VM5 No. 61, and used to find the most accurate threshold for identification of viral 
nil absence/presence in the given sample. It can be seen from Table 5.10 that the use of data 
analysis, instead of relying on visual inspection of the arrays, gives no false positives 
when using a threshold of median + 3x standard deviations; upon visual inspection one 
could see hybridization to probes for '57-P-BEV'. Furthermore, as can be seen in Table 
5.10 and shown in Figure 5.16, the accuracy is highest when using the threshold of 
median + 3x standard deviations. Thus,, for array-based identification of viruses in 
(unknown' environmental samples, it is suggested to use a threshold of median +3x 
standard deviations. Figure 5.17 is a plot of the percentage accuracy of VM5 No. 61 
according to the analysis above, which makes the analysis easier to see. 
Table 5.10: The accuracy, specificity and sensitivity of log2Ratio Ch. 2/Ch I of all the probes on VM5 array 
No. 61- filtered by 'Quality 0' and 'P on CH F less than 50%. 
Thresholds TP FN TN FP ý Total Accuracy Specificity Sensitivity 
-7.318 14 0 324 169 507 66.67 100 
65.72 
-5.856 14 0 422 71 507 85.99 100 
85.59 
-4.395 14 0 487 6 507 98.82 100 
98.78 
r-ýý33 14 0 493 0 507 100 100 100 
accuracy of slide 61 filtered by 'Quality 0' and 'P on 1< 50%) 
CL 100 
U- 90 
z 80 
i- 70 + Z 60 U- + 50 CL 40 
30 z 20 
+ 10 0. 
t7l 0 
thresholds 
Figure 5.17: The plot of % accuracyo/o of VM5 No. 61. (the thresholds 
1,2,3 and 4 are equal to 
median + Ox standard deviations, median + Ix standard 
deviations, median + 2x standard deviations and 
median + 3x standard deviations) 
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5.2.6 Confirmation of micro array-derived results 
It was considered important to sequence verify the PCR products of the model viruses used 
in this study to further corroborate the results of the microarray analysis. The CoxB4 strain 
was used an example to address this confirmation. The PCR products of one of the strains of 
CoxB4 virus was sent for sequencing (Lark company), the pair of primers used for this 
sequencing were 'ENT-BE' and 'HEV-B' (see Section 4.2.2. The 'Chromas' result is shown 
in Figure 5.18 and the sequence information is shown in Table 5.11. The sequencing 
information from the alignment confirmed that this strain was the same as Gene-Bank 
Accession number X05690 of CoxB4. 
The PCR products of one of the strains of HAV used was also sequenced with the 
'forward-HAV' and 'reverse-HAV' primers (see Chapter IV, Section 4.2.2). The sequence 
information is shown in Table 5.11. The sequence alignment in the HAV virus group showed 
that this strain is not exactly the same as any of the strains reported in Gene-Bank. However, 
it is closest to HAV virus Gene-Bank Accession Number M598 10. 
There were five types of PCR product samples of BEV named as following: 'BEV-5', 
'BEV-Pool2'. 'BEV-Pooll2', 'BEV-VG' and 'BEV-Pool5p', which had all been sequenced 
to confirm which strains they actually were. The pair of primers used for sequencing was 
'ENT-BE' and 'anti-BE'. However, the segment for sequencing is only the part of the whole 
sequence in between the pair of primers. The results after the alignment showed that 'BEV-5', 
'BEV-Pool2' and 'BEV-Pooll2' are the same as the strain of BEV designated Gene-Bank 
Number D00214 in this segment; 'BEV-Pool5p' and 'BEV-VG' were identical to each other 
but not exactly the same as any of the strains reported in Gene-Bank for this segment. Their 
sequence information is shown in Table 5.11. 
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Table 5.11: The comparison of the sequence between the data from Gene-Bank and that from PCR 
products of 'CoxB4-X05690', 'BEV-DO0214', 'BEV-VG' and HAV isolates used m this study (the 
difference shows by the different color word in the same position). 
Strain Sequence information 
CoxB4- (6885) 5-tatggt gatgatgtga ttgcatcata tccttggccc atagacgcct X05690 ------ ---------- ---------- ---------- ---------- 
-from Genc- ctctgctcgc tgaagctggt aaagactacg ggctaatcat gacaccagcg gataaaggag Bank (black) ---------- ---- ----- ---------- ---------- ---------- ---------- agtgttttaa cgaagtcacc tggactaatg tcacctttct aaagaggtat tttagagcag 
---------- ---------- ---------- ---------- ---------- ---------- 
atgaacaata ccctttcttg gttcacccag tgatgcccat gaaagacatc cacgagtcta 
---------- ---------- ---------- ---------- ---------- ---------- tcaggtggac caaagatcca aagaacactc aagatcatgt gcgctccctg tgcttattgg 
---------- ---------- ---------- ---------- ---------- ---------- 
cttggcacaa tggagagcac gaatatgagg agttcatcca aaagatcaga agcgtcccag 
CoxB4- ---------- ---------- ---------- ---------- ---------- ---------- 
X05690 ttgggcgctg cttgactctg cccgcgtttt cgaccctacg taggaaatgg ttggattcct 
-sample ---------- ---------- ---------- ---------- ---------- ---------- 
from the lab tttaaattag agacaatttg aaacaattta aat-31(7323) 
(blue) ---------- ---------- ---------- --- 
BEV- (6936)51-tacgg ggatgacgtg ctcgcgtcgt acccgtatga gattgatgcc 
D00214-fi7om --t-- t ----- t --- --- I -------- ---------- ------- C-- 
Gene- Agcctcttgg cagaagctgg taaaagcttt ggtctaatca tgactccacc agataaatct Bank (blwk) ---------- ---------- ---------- ---------- ---------- ---------- 
gcggagtttg tcaaattaac ctgggataac gtga, cctttt tgaagaggaa gttcgtgcgt 
---------- ---------- ---------- ---------- ---------- ---------- 
'BEV-5', gatgcacggt accctttcct tgtacatccg gtcatggaca tgtcgaacat ccatgagtcc 
'BEV-Pool2 - ---------- ---------- ---------- ---------- ---------- ---------- 
and 'BEV- attcggtgga cgaaagatcc caggcatact gaagaccatg tccgctcact ttgcctattg 
Poo112' ---------- ---------- ---------- ---------- ---------- ---------- 
sample from gcctggcatt gtggcgagga agaatacaac gaatttgtta caaagatccg ttccgttcct 
the lab ---------- ---------- ---------- ---------- ---------- ---------- 
(blue) gtcgggagag CCCtcCatct accttcattc aaggcgctcg agaggaaa-3' (7328) 
---------- ---------- ---------- ---------- ---------- 
BEV- (6936) 5-tacgg ggatgacgtg ctcgcgtcgt acccgtatga gattgatgcc 
D00214-from --t-- t ----- t --- -------- t- ------- --- a ------ C-- 
Gene- agcctcttgg cagaagctgg taaaagcttt ggtctaatca tgactccacc agataaatct 
Bank (black) 
------ c-a - ---------- ---------- ------- t -- --- a--g --- -- C--g---- 
gcggagtttg tcaaattaac ctgggataac gtgacctttt tgaagaggaa gttcgtgcgt 
---------- - t--C--g -- --------- t ---------- --------- g a-t ------ C 
gatgcacggt accctttcct tgtacatccg gtcatggaca tgtcgaacat ccatgagtcc 
'BEV- ---- g---CC ---- C----- C--g ------ -------- 
t- ------- t -- --- C ------ 
Pool5p' and attcggtgga cgaaagatcc caggcatact gaagaccatg 
tccgctcact ttgcctattg 
'BEV-VG'- --C-C ----- - a--g--c -- ---------- ---------- -t -------- C --- t ----- 
sample from gcctggcatt gtggcgagga agaatacaac gaatttgtta caaagatccg 
ttccgttcct 
the lab --t ---------------- a- ------ t--t --------- t -C ----- 
t-- C --------- 
(blue) gtcgggagag ccctccatct accttcattc aaggcgctcg agaggaaa-3' 
(7328) 
g- ----t--C-- t -------- t ---------- ---------- 
HAV- (6956) 51 -tatgg agatgatgtt ttaatagttt tctctcgaga 
tgttcagattgataatcttg 
M59810- -- --- ------ ---- ------- --- ------ ---- ------- --- --------- 
from Gene- atttgattgg acaaaaaatt gtagatgagt ttaagaaact tggcatgaca gctacttctg 
Bank (black) ---------- ---------- ---------- ---------- ---------- ---------- 
ctgacaagaa tgtacctcag 
------- 
ctgaaaccag 
---------- 
tttcggaatt 
---------- 
gacttttctc 
---------- 
aaaagatctt 
---------- ---------- 
tcaatttggt 
--- 
agaggataga 
--- 
attagacctg 
---------- 
caatttcgga 
---------- 
aaaaacaatt 
---------- 
tggtctttaa 
---------- ---------- 
tagcatggca 
------- 
gagaagcaac gctgagtttg agcagaattt agaaaatgct cagtggtttg 
---------- ------ t --- ---------- ------- 
C -- ---------- ---------- 
HAV- cctttatgca tggctatgag ttttatcaga 
-- 
aattctatta 
--------- 
ttttgttcag 
---------- 
tcctgtttgg 
---------- 
sample from 
l b fl 
-t -------- 
agaaagagat 
---------- 
gatagaatac 
------ - 
agacttaaat cttat-3'(7325) 
a ie 
---------- ------- --9 
1-32 
-- --- --- -- -- ---- ----- -- -I- -- ý' ýý3Aý -- 
ictcZEr2'rCOCcr - 
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Figure 5.18: Example Of se'cluencing trace of 'CoxB4-XO5690' PCR product. 
5.3 Discussion 
5.3.1 The concentration of probes 
The concentration of probes spotted on the array has an influence on the hybridization 
efficiency. The best probe concentration is the minimal amount at which fluorescent signal 
can be confidently detected. Some researchers have shown that complete saturation of the 
aldehyde-coated glass surface can be achieved with a 100ýtM concentration of 
oligonucleotide; a further increase in concentration to 200ýtM resulted in a slightly stronger 
hybridization (17% increases) (Majid, 2003). The oligo spotting concentration used in this 
study was 50RM, which yielded efficient hybridization. 
5.3.2 Hybridization 
Cross-hybridization with labeled targets can complicate microarray data interpretation 
(Majid, 2003). According to the Figure 5.5, there appeared to be some cross-hybridization 
between the probe '52-P-(PV+HEV-C) and the probe '57-P-BEV', because if there is 
hybridization signal on probe '57-P-BEV', there will be some weaker signal on probe 
'52-P-(PV+HEV-C)'. After probe rearrangement on the subsequent array layout (VM6, see 
Chapter VI), there did not seem to be a problem of cross-hybridization between these two 
probes located closely to each other. This may be because of the similarity between the two 
probes. Although after the alignment comparison, there is no significant similarity appears 
between them (Results not shown). There still however exists the possibility of the 
cross-hybridization between these two probes. 
5.3.3 The differences between fluorescent dyes Cy3 and Cy5 
Fluorescent dyes Cy3 and Cy5 display different quantum yields, thus, they are likely always 
to reveal differences in fluorescence (Worley, 2000, Wildsmith, 2001). As a consequence, it 
is has been suggested that significance should be attached only to differences in intensity 
such that Cy5/Cy3>2.5. Another way to address this problem is to exchange the 
dyes 
between two samples using the same labeling protocol and investigate whether 
differences 
observed using one labeled target are maintained when the target is 
labeled with the other 
dye (Yang, 2002). We have taken this approach (Section 5.2.4.1, Figures 5.19 and 5.10), 
where different Cydyes were used to label the same virus sample 
'BEV-DO0214'. After the 
data analysis, the correlation shown to be good and the 
data seem similar after the dye swap, 
thus it was deduced that it was not necessary to use 
dye swaps for virus detection in this 
project. 
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5.3.4 The controls 
Microarray technology is a powerful tool in science, but because experiments include large 
numbers of probes and slides; it can be difficult to compare/relate between them. There are 
errors and variations in microarray data which can be caused by systematic or experimental 
variation, including cross -hybridization, mistakes in spotting etc. Inter-slide variation arising 
from printing procedures may also be a problem. In some cases, hybridization technical 
replication is not possible because of limited target sample. Thus as in any experiment, the 
microarray technique needs controls to judge the validity of the results. This includes the 
labeling amplification step, which could be affected by several factors, especially, in its 
sensitivity for virus detection in the water samples. This sensitivity is mainly represented by 
the false negative results, which would cause an inaccurate prediction of the health risks in 
the detected environment. There are normally negative, positive, and external controls in a 
microarray. 
5.3.4.1 Negative controls 
There are different sorts of negative controls, for the method, for the system or for the 
samples, which help to determine the 'noise' in the experiment and to ensure the absence of 
carryover contamination. In the first-strand labeling reaction (See 5.2.1), the sample negative 
control was extracted from uninfected HeLa cells and cDNA labeled with Cy5 was prepared. 
No signal appeared in this hybridization, indicating that residual HeLa cell mRNA did not 
generate amplification products that react with this array and thus the signals, when detected 
were specifically viral in origin. At the beginning of this project, the array was just being 
established and tested and the focus was mainly on positive signals. However negative 
controls would need to be established for use with environmental water samples and at 
present it is not clear exactly what these should be. There will be no environmental samples 
which can be definitively known to contain no virus; similarly the levels of background 
materials suspended and dissolved materials would vary from sample to sample. These might 
well influence the quality of an amplification reaction. Perhaps the best approach would 
be 
to use duplicate samples of distilled water as a true negative sample. 
One of each pair could 
then be spiked with a known quantity of virus RNA. This would allow us to 
demonstrate that 
a clean sample should yield no signal, and likewise should not 
inhibit amplification when a 
virus was present (spiked distilled water). On the other 
hand, if the purification had worked 
adequately and the results were to be valid then the environmental water sample 
should not 
prevent amplification when a virus was present 
(spiked environinental sample) and the levels 
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of signal between spiked distilled and environmental samples would enable us to quantify 
the extent of any such inhibition. Finally, and if these circumstances were fulfilled, the 
non-spiked environmental sample would give us a true amplification picture of the viruses 
present in the sample. At first, confirmation would be sought by targeted PCR of the suspect 
contaminant, cloning and sequence determination to demonstrate the actual presence of any 
virus contaminants so inferred. 
5.3.4.2 External controls 
In microarrays, external controls are normally recommended to be used to evaluate input and 
output ratios, signal linearity, hybridization specificity and consistency across individual 
slides as well as to facilitate slide-to-slide comparisons, they can also act as an internal 
'landmarks' for orientating the array. The 'ScoreCard' (Amersham), which is a commercial 
external control, was employed in the first-strand labeling reaction once (See section 5.2.1) 
in this project. From Figures 5.2 and 5.3, we could see different kinds of signal in this 
external control group, which worked as a reference data for the hybridization result analysis. 
Obviously, the 'ScoreCard' could also act as an array orientation indicator for the 
hybridization signal. However, in the later hybridizations, we did not apply it any more: as it 
is not ideal for this project since it is normally used as a control for gene expression 
microarrays), and its price was too expensive to be practical at this stage of development. 
With this in mind, a new external control was selected and introduced on the arrays: a 
general control/reference oligo probe (corresponding to an Arabidopsis sequence) used on 
the VM4-VM6 array layouts. The general control probe, mixed with the specific probes 
printed in every spot position, would hopefully not only work to limit variability problems 
and help to facilitate normalization; it would also work as an indicator for array orientation. 
5.3.4.3 Replication 
If there is enough space for the probes, each individual probe should be replicated 
by 
multiple printing in different locations on the array. In such a way, random and systematic 
errors which might affect the data could be easily calculated and more reliable 
information 
could be obtained from a single experiment. For example, 
in Figures 5.4,5.5,5.6 and 5.8 
there were obvious weaker hybridization signals in one of the 
four sub-grids containing the 
probe '57-P-BEV' stands. With the replication of probes, this could 
be put down to 
systematic printing error rather than labeling or 
hybridization. On the other hand, the 
replication was another way to assess the variation, which was essential 
owing to the 
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4 one-size-fits-all' hybridization condition in a microarray experiment. 
The technical replicate is specially required when probes duplication within a single 
microarray can rarely be performed due to space limitations. Normally, in microarray 
practice, it is recommended that every microarray experiment should be performed in 
triplicate in order to increase data reliability; such that, accurate measurement can be offered 
and many technical variations appearing during the experiment can be eliminated. Technical 
replication has been applied in this project, including simple replication, such as labeling the 
same sample with different Cy-dyes and checking the sample in different microarray print 
layouts. It was found that the results were stable and reliable. However, in some situations, 
typically when using environmental samples, it should be noted that many of the samples 
would be completely used up in a single hybridization experiment and therefore technical 
replication would not be possible. 
5.3.5 Data analysis 
For the microarray design and hybridization, there was a critical need for objective 
quantitative data analysis for the control and the normalization, otherwise the difference 
between different hybridizations cannot be compared and positive identifications cannot be 
scored with confidence. A number of normalization strategies were evaluated and accuracy 
sensitivity and specificity were determined. This led to the establishment of a reliable 
method for scoring the microarray results. 
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CHAPTER VI: ENVIRONMENTAL VIRAL SAMPLE DETECTION 
6.1 Chapter introductions 
In general, viruses are not found at high levels within environmental samples (e. g., river 
water) but since many of these agents have a low infectious dose, even low levels may 
pose a threat. Consequently the detection of low levels of virus contamination (perhaps 
as few as 10 particles in a quantity likely to be consumed by an individual) presents a 
considerable challenge. These low viral loads necessitate some form of concentration and 
amplification before microarray techniques can be applied. Concentration methods for 
obtaining virus from large volumes of water are required, and these are usually followed 
by amplification. Amplification may be enzymatic (such as RT-PCR) or biological 
(culture). Many of the enzymes used for enzymatic amplification (particularly RT-PCR) 
are sensitive to various inhibitors likely to be present in environmental samples. Thus it 
is essential to purify the nucleic acids before these approaches can be used (Lewis, 2000). 
Culture on the other hand often removes environmental inhibitors of these reactions but 
may preferentially amplify the most cultivable viruses present and results will therefore 
be biased by considerations such as the host cells used and the relative cultivability of 
different viruses within them (Li, 2002). However cultured methods cannot be applied to 
all viruses since some remain non-cultivable and thus enzymatic amplification direct 
from environmental concentrates will remain necessary. Methods developed to detect 
virus contamination in environmental waters consisted of five steps: virus concentration, 
RNA extraction, nucleic acid amplification (and labelling methods), hybridization to the 
array and finally, hybridization data analysis. As before, PCRs were intended to target 
generic groups of viruses using pan-reactive and cross-reactive primer combinations. It 
was envisaged that product distinction would then be easily achieved by the microarray. 
This chapter is about viral detection of environmental samples (such as river water or 
sewage) using the established viral detection microarray established 
in this project. The 
environmental samples containing viruses collected from river or sewage were 
concentrated before doing the RNA extraction by 'Reading 
UPA'. Several variations in 
RNA extraction, RT-PCR, labelling and hybridizations with 
different microarray layouts 
were tested and are discussed in this chapter. Data analysis was also used 
to determine 
138 
the virus type within an environmental sample was applied according to the established 
microarray analysis protocol discussed in Chapter V. 
6.2 Results 
6.2.1 Sensitivity of RNA extraction/PCR amplification 
6.2.1.1 Viruses spiked into distilled water 
In order to assess the sensitivity of the combined extraction and PCR techniques, viruses 
samples were serially diluted in distilled water. In these experiments 'BEV-DO0214' 
(original concentration- 107pfii-, /Ml) was used and serially diluted tenfold to give a final 
dilution of 10-6. Carrier tRNA was added to each dilution and RNA was extracted from 
each dilution by the 'R. -N ". ZOTmB' method followed by amplification using RT-PCR. 
Specific primers 'ENT-BE' and 'Anti-BE' were used and amplified products were 
analysed by electrophoresis. 
Figure 6.1: ElectrophoresIs result of spiked 'BEV-DO0214' virus with series dilution into distilled 
water. The RNA was e)aracted by 'RNA7-o]TmB' and amplified by specific RT-PCR. Blank is the 
negative control. 
The result in Figure 6.1 presents the data derived using distilled water as the dilute. In 
this result, although the levels of the amplification products decreased along with as viral 
106_f Id dilution equivalent to a virus concentration,, a signal was still detectable at 0 
ion was confirmed by the negative control concentration of lopfu/ml. Lack of contaminat' 
(no virus added), which remained blank. These results processed 
by spiking virus 
particles into distilled water suggest that the sensitivity of this system of 
RNA extraction 
by the 'RNAzol TM B 7. method and specific RT-PCR was around I Opfu/ml . 
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6.2.1.2 Viruses spiked into negative environmental sample 
This experiment was repeated using real environmental water samples as diluent. Spiking 
the viruses into the real negative environmental sample (this negative environmental 
sample had been considered as negative was basing on the negative virus detection result 
from 'Reading ITPA') was conducted to simulate the real environmental sample situation. 
The optimisation and successful detection of viruses within a known sample seen in 
Chapter V is based on a large amount of culture viruses. However, the amount of virus 
within a given environment sample is generally much lower than that used in previous 
optimisation tests (as discussed in Chapter V). Thus, to validate methods and/or the 
system's sensitivity under environmental sample testing conditions, environmental 
samples were imitated by using cell-grown viruses diluted to give similar concentrations 
as that observed in true environmental samples, within a negative environmental sample 
(unlike spiking into distilled water as discussed in section 6.2.2.1). Consequently, the 
absence of a positive result (as the spiked virus is known) would suggest that the 
technique was not sensitive enough or no virus existed in thesample. 
Figure 6.2: 'BEV-Do0214' spiked into distilled water and negative environmental sample with 
ni ion I 
'pfuln-d, I O'pfulml 
se es dilution, In distilled water the 
diluti was to the final concentration of 10 
and 100pfu/n-d-, m the negative environmental sample, the 
dilution is to the final concentration of 
105pftL/n-d and 104pftL/ml. RNA was extracted by 'RNAzolTmB' method, and specific 
RT-PCR 
amplified by the pair of primer: 'ENT-BE' and 'Anti-BE'- 
Figure 6.2 shows that, although signal was once again 
detectable in the distilled water 
dilutions; no dilution gave positive results when the environmental material was present. 
This was attributed to the presence of unknown 
inhibitors in the environmental sample 
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and thus it was concluded that this RNA extraction method (RNAzolTmB' was not 
adequate to eliminate the inhibitors in the environmental sample. We therefore evaluated 
other approaches and the experiment below presents the data for a similar experiment in 
which virus dilutions were extracted using 'RNAzoITmB' and then further cleaned using 
the 'RNeasy MinElute cleanup kit' ('RNeasy'). This uses a column to purIfy the RNA 
after the extraction. 
6.2.1.3 Spiked viruses treated by IRNAzol TM B' extraction and further purified with 
elution column 
The experiment here was conducted to find the detection sensitivity of 'RNAzolTmB' 
RNA extraction and purification methods with 'RNeasy' with viruses spiked into a 
negative envirom-nent sample, replicating more closely a true real water sample. 'BEV- 
D00214' virus (concentration- 107pfiý/ml) was spiked into negative environmental 
102,104 103pf sample, with series dilution as and 105 times, which gave 10'pfu/ml, U/Ml 
and 102pfU/Ml . 
RNA was extracted by 'RN AzolTmB' method with carrier tRNA, and then 
purified by 'RNeasy' (see Section 2.2.2.2). Specific RT-PCR was conducted with 
'OligodT' and the pair of primers 'ENT-BE' and 'Anti-BE' were again used for the PCR 
amplification. 
Figure 6.3: 'BEV-DO0214' spiked into negative environmental sample with different 
diluticm spiked into the final water samples: I 0-ý, 104 ý 
103 and I (K)Pfulml, RNA was extracted 
by 'RNAMTýB' method, and punfied by 'RNAeasy Kit', and then specific 
RT-PCR was 
conducted. Blank is the negative control. 
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Figure 6.3 shows the amplification results , in which although positive amplification was 
achieved in all dilutions,, the negative control also showed a band indicating 
concentration of the reaction. The positive signal obtained in the dilution series does 
decrease with decreasing levels of virus and It is estimated that in the negative control 
virus is present at a concentration of approximately 100pfu/ml. This may indicate the 
sensitivity of the approach and overall the positive results with the environmental 
samples do indicate that amplification was improved by this second purification 
treatment. This method was discontinued and it was not necessary to determine the 
sensitivity of the approach with more certainty. 
The RNA extracted by 'RNAzolTmB' and purified by 'ENeasy Min Oute Cleanup Kit' 
yielded PCR products, while the 'RNAzolTmB' RNA extraction alone did not. An 
alternative to this two steps 'extraction plus cleanup' method was to evaluate the 
'QlAamp Viral RNA Mini Kit' (QlAamp Viral Kit') for the direct extraction of the 
RNA from the cell-grown virus and environmental samples. 
6.2.2 'QlAamp Viral Kit' testing 
6.2.2.1 Cell-grown virus RNA extraction by 'QlAamp Viral RNA Mini Kit' 
'QlAamp' was an alternative method (compared to 'RNAzolTmB' extraction and 
purification) for environmental sample RNA extraction; it combines RNA extraction 
with RNA purification and has the advantages of simplicity and convenience. The initial 
assessment of this approach was carried out at a 'BEV-DO0214" virus titre of 100pfu/ml 
diluted in distilled water. The result (Figure 6.4) indicated amplification at levels 
significantly above those achieved with the 'RNAzol TM B' method either with or without 
secondary purification. The 'RNAzoTmB' method was thus discontinued and the 
'QIAamp' method was assessed for use with environmental samples. 
Figure 6A RNA of 140ul cell-grown virus 'BEV-DO0214' was extracted by 'QlAamp 
Viral 
Kit', and diluted down to the final concentration of J OOpfulml, 
RNA was eluted in 40ul RNAse 
free water, and then amplified by specific RT-PCR. 
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The negative control (Blank, Figure 6.4) confirmed that there was no contamination in 
the PCR reaction system. This method represented a significant increase in sensitivity a 
dilution of 100pfu/ml generated much higher yield of PCR product compared with the 
previous method (Figure 6.3), it was therefore used in all subsequent experiments. After 
setting the sensitivity by mocking the environmental conditions,, the real sewage 
environmental samples were tested by this system. 
6.2.2.2 Environmental sample RNA extraction by 'QIAamp viral RNA Mini Kit9 
Sewage samples offer the greatest challenge to RNA extractlon/amplification procedures. 
These are inherently more contaminated than the more dilute river water samples and 
although virus levels may be higher this is potentially offset by the higher level of 
contaminants and potential inhibitors that are present. The 'QlAamp' method was 
therefore tested on sewage samples to provide stringent test for its ability to yield clean, 
amplifiable RNA. Sewage sample 'RSTW-05-243"' was the first target for this extraction 
using the 'QlAamp. This sample had been tested by 'Reading 14PA" and shown to 
contain 133 pfu/20ml viruses in total, including viruses of 3pfu CoxB2; 22pfu CoxB3,, 
6pfu CoxB4; 8pfu of CoxB5 and some unknown isolates. The RNA extraction was 
according to the protocol exactly as that described in Section 2.2.3. The RT-PCR reaction 
was performed by a pair of specific primers 'ENT-BE' and IIEV-B; these primers were 
chosen based on the viruses identified in this sample by 'Reading IIPA' (they all 
belonged to the CoxB virus group). 
Figure 6.5: Environmental sample 'RSTW4)5-243' extracted RNA by 'QlAamp'. Specific 
primer 'ENT-BE' and 'HEV-B' was used to amplify 'RSTW-05-243' and 
CoxB4-X05690, the 
latter served as the positive control. Blank is the negative control. 
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Figure 6.5 presents the electrophoresis result. The CoxB4 controls were amplified 
efficiently but no specific signal was detected from this sewage water sample 'RSTW- 
05-243'. Instead, was a smear with apparently high molecular weight material (>Ikb). 
According to the biological detection results from 'Reading HPA', there should have 
been amplification products. The reason of this result maybe because of the sensitivity: 
133pfu/20ml is approximately 7pfu/ml (from 'Reading HPA' data) may not be enough to 
be detected by this amplification system (only RNA extraction and afterwards RT-PCR) 
as the sensitivity of 100pfu/ml described in section 6.2.1.3 of the spiked virus into a 
negative environmental sample and the sensitivity of lOpfu/ml in section 6.2.2.1 of 
spiking virus into distilled water. Therefore, in an attempt to increase the detection 
system's sensitivity, different methods were tried in the different steps of this system in 
subsequent experiments. Firstly, the RNA was concentrated by precipitation before the 
extraction procedure; secondly, the 'Genomiphi V2 DNA Amplification Kit' 
('Genomiphi') was used in order to increase the concentration of cDNA in the 
environmental samples; finally, different labelling methods (PCR direct labelling or PCR 
products post labelling) were attempted with different pairs of PCR primers. 
6.2.3 Further treatment of the sewage sample before viral RNA isolating 
6.2.3.1 Acetone precipitation prior to the RNA extraction 
The 'QlAamp' is designed to handle only a small volume of material (140ýtl). The 
sewage samples were quite large (4ml) and thus could be concentrated by acetone 
precipitation first before the RNA extraction. 4ml of sewage sample 'RSTW-05-243' was 
prepared by acetone; the pellet was recovered by RNase-free water into a final volume of 
140ýtl to prepare for RNA extraction with 'QIAamp' (see Section 2.2.3.2). RNA was 
extracted from the concentrate and eluted in 30ýtl of RNase-free water. RNA was then 
reverse transcribed by primer 'OligodT', and then PCR amplification was carried out 
using the pan-forward primer 'ENT-BE' and two specific reverse primers 'Anti-BE' and 
'HEV-B' together. 
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Figure 6-6: Environmental sample 'RSTW-05-243' extracted RNA by 'QlAamp', after the 
acetone concentration of crude sample, cDNA was amplified using primer: 'ENT-BE', 'HAV- 
B' and 'Anti-BE'. The RNA samples of 'CoxB4-XO5690' was amplified as positive controls. 
Blank is the negative control. 
Figure 6.7 presents the electrophoresis result of amplification of the sewage sample 
'RSTW-05-243' that had first been concentrated by acetone precipitation. The gel image 
shows that there were at least eight bands with sizes ranging between 800bp to 300bp, 
including products at the expected position of CoxB4 and BEV. This suggests that the 
three primers have amplified a variety of viral sequences, in addition to the Cox134 and 
BEV virus RNA in the sample. It is concluded that these primers had amplified products 
related to Cox enterovirus and BEV. This was confirmed later with the microarray 
experiments in Section 6.2.3.2. This result also demonstrated that the successful further 
treatment of acetone precipitation before the RNA extraction from the sewage sample. 
6.2.3.2 Hybridization result of directly labelled PCR products from sewage sample 
using 3 PCR primers with microarray VM6 
The sewage sample 'RSTW-05-243' (detection result from 'Reading HPA' was 133 
pfu/20ml viruses in total, including 3pfu of CoxB2,22pfu of CoxB3,6pfu of CoxB4, 
8pfu of CoxB5 and some unknown isolate) was treated as in section 6.2.3.1 above, and 
the cDNA sample was amplified by the 3 primers (including pan-forward primer 'ENT- 
BE', specific reverse primer 'HEV-B' and 'anti-BE') designed for CoxB4, BEV (as used 
in Section 6.23.1) but in this instance, directly incorporating Cy5-dCTP in the PCR 
reaction. The labelled target was co-hybridized with Cy3-labelled 'MWG Arabidiosis' 
oligo onto array layout VM6 (see Section 3.2.2.6). The scanned image is shown in 
Figure 
6.7. 
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Fig urc 6.7 Army W-461 TNI0.77: 'IRSTIV-0-5,2433- directly PCR I abol led ýNvlth cy5 
usmg 3 phimers hybndized NNith 'MNVG Arabidopsis' oligo labelled vý4th CY3. 
gr 
signals on the array were for probes '57-P-BEV' with/without 'MWG ArabidopsIS' oligo 
be seen for probes '8-CV-B4' and '9-CV-B4' with/without 'MWG Arabidopsis' oligo, 
signals can be seen for probes: '40-PV-2', '41-PV-2', '38-PV-I', 'I I -CV-135' and even 
t 
ZZ 
amplification reaction and thus the reason for the hybridization signals showing on the 
probes designed for Poliovirus is not clear. 
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Table 6.1: LogRatio-ranked hybridization data from VM6 No. 77; blue text indicates probes of log2ratioCH2/CH I greater than the threshold of median +3x standard deviation. 
ID FLAG log2RatioCI12/CH1 P ON CH1 QUALITY 
47-HEV-B4 A 3.726 0.63 1 
7-HEV-B4 A 1.505 0.78 1 
57-P-BEV A 0.644 1 1 
57-P-BEV A 0.622 1 
57-P-BEV A 0.561 1 
57-P-BEV A 0.525 1 
57-P-BEV A 0.462 1 
57-P-BEV A 0.434 1 
57-P-BEV A 0.374 1 
57-P-BEV A 0.326 1 
21-EV-71 E -0.208 1 
21 -EV-71 E -0.239 0.98 
14-CV-B6 E -0.366 0.66 
37-PV-1 A -0.692 1 
22-EV-71 E -0.722 0.91 
37-PV-1 D -0.732 1 
37-PV-1 A -0.748 0.99 
37-PV-1 A -0.778 1 
Table 6.1 above shows the sorted results (from Exceo of the probes that had been 
identified as significant from the data analysis, which was performed by using the 
filtering method of 'Quality 0' and 'P on V less than 50% for all the probes on 
Log2Ratio CH2/CHI. The calculated median for the filtered data set was -9.144 with a 
standard deviation of 2.7905. The detection threshold of -0.7725 was used, equating to 
median +3x standard deviation. When ranked in descending orderOf 1092ratios, the top 
hit of the probes that passed the threshold applied was the probe '47-HEV-B4' for CoxB4 
virus., as would be predicted from the 'Reading HPA' result. The summary of how many 
probes in total were above this threshold is given in Table 6.2. 
Table 6.2: Probe identification on array VM6 No. 77 from sewage sample 'RSTW-05 -243' greater than 
the threshold of median +3x standard deviations 
14-CV-B6 21-EV-71 22-EV-71 37-PV-1 47-HEV-B4 57-P-BEV 7-CV-B4 
1 
Table 6.2 shows the probes that were identified as having a 
1092 environmental 
sample/control ratio greater than the detection threshold applied. 
The detection method 
applied and tested here was a relatively simple one; 
it only used three primers in the 
direct labelling in the PCR reaction. In this VM6 No. 77 when the threshold is set to 
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median +3x standard deviations, few probes are identified as having a hit; however, 
very few of these probes had multiple copies of probes light-up. When multiple probes 
targeting the same virus do not light up this would suggest that the virus is not present, 
for positive identification of viral presence more than I probe needs to pass the applied 
detection threshold (as previously discussed). For the probe '57-P-BEV', there is 50% 
identification of all the spots printed on the array when the threshold is up to median +3 
x standard deviation, indicting that the Bovine Enterovirus may exist in this particular 
sewage sample. 
6.2.3.3 'Genomiphi kit' amplification then direct PCR labelling with one pair of 
specific primer 
In order to further investigate the detection result of the environmental sample 'RSTW- 
05-243' studied above, and also try to increase the sensitivity of this detection system; 
'Genomiphi V2 DNA Amplification Kit' ('Genomiphi') amplification of cDNA samples 
was introduced in this experiment. 2pl cDNA from the above acetone-concentrated and 
'QlAamp' purified RNA was used in the 'Genomiphi' reaction system (see Section 2.6); 
the amplification lasted for 12 hours and was conducted into 20ýtl volume in total. The 
amplified products were concentrated by drying under educed pressure and the entire 
sample yield was used for the PCR reaction. This was performed in 50ýtl incorporating 
one pan-forward primer 'ENT-BE' and reverse primers 'HEV-B' (incorporating Cy5 
directly). The corresponding labelled products were hybridized against Cy3 labelled 
'MWG Arabidopsis' oligo onto array layout VM6 (see Section 3.2.2.6). 
148 
Figure 6.8: Array VM6 No. 72: 'RSTW-05-243' cDNA amplified with 'Genomify' and PCR direct 
labelled with Cy5 co-hybridized with 'MWG Arabidopsis' oligo labelled with Cy3 
Figure 6.8 (VM6 No. 72) shows the scanned image for this hybridization. It can be seen 
that there are signals at the position of the probes '9-CV-B4', '48-HEV-B4'5 '2-CV-Bl' 
and '57-P-BEV' with/without 'MWG-control' and '21-EV-71' without 'MWG 
Arabidopsis' oligo (see Section 2.10.2.1). The probes '9-CV-B4' and '48-HEV-B4' were 
particularly designed for detecting CoxB4 viruses and as they have signals, it suggests 
that the hybridization has worked well due to the agreement with the results obtained by 
'Reading HPA' with the same environmental sample. 
Data analysis was performed using the filtering method of 'Quality 0' and 'P on CHI 
less than 50%, for all the probes on Log2Ratio CH2/CHl (as discussed in Chapter V). 
The median was -7.7135 with standard deviation of 3.5685. The detection threshold 
applied was threshold 2 (median +2x standard deviations), and the best performing 
threshold of median +3x standard deviation detected no viruses. The standard deviation 
for the filtered data set for this particular environmental sample labelled with this method 
('Genomiphi' amplification with direct PCR labelling by one pair of primer) is quite high, 
indicating that the data spread is quite high. 
When ranked in descending order by 
1092 ratios after filtering (the sorting method 
performed by Excel is the same as shown in section 6.2.3.2), the probe '21-EV-71', was 
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shown as the top hit and probe '2-CV-Bl' for CoxB I virus (which is the desired result) is 
the 27th hit, giving an incorrect result when compared to the results obtained by 
'Reading HPA' with the same environmental sample. Table 6.3 documents the probes 
that all had log2 environmental sample/control ratios greater than the detection threshold 
set at median +2x standard deviation. 
Table 6.3: Probe identification from array VM6 No. 72 for environmental sample 'RSTW-05-243' 
greater than the threshold of median +2x standard deviation 
16-E-30 21 -EV-71 22-EV-71 29-HPeV-2 2-CV-BI 31-HPeV-3 32-HPeV-5 
4 8 4 3 4 3 4 
46-BEV 51-P-HHAV 57-P-BEV 8-CV-B4 38-PV-1 40-PV-2 44-PV-3 
4 1 4 4 4 1 1 
From Table 6.3 it can be seen that many probes had ratios greater than the detection 
threshold and that many of those probes had multiple 'hit'. All 8 spots of probe '21-EV- 
71' had ratios greater than the detection threshold applied and they were ranked as 
having the highest ratios. Probes '22-EV-71', '16-E-30' and '31-HPeV-3' had 8 spots 
printed on the array, nearly half of them had ratios greater than the detection threshold. 
Probes '29-HPeV-2', '2-CV-131'. '32-HPeV-5', '46-BEV-2'. '57-P-BEV', '8-CV-B4' 
and '38-PV-I', had 16 spots printed on the array, 25% of them were identified as having 
ratios greater than the detection threshold. With this in mind, the results would suggest 
that Bovine Enterovirus, Human Enterovirus A, Human parechovirus, CoxsackievirusB] 
and B2 and Human Enterovirus BI and B4 even Poliovirus were presented within the 
sewage sample 'RSTW-05-243'; this does partially correspond with the identification 
result obtained from 'Reading HPA' (that the sample includes Coxsackievirus B4, B2, B3 
and B5); but have possibilities of other viruses presence in this sewage sample. In the 
present analysis there was no ratio greater than the best performing threshold 3 (median + 
3x standard deviations), If assuming that the identification by 'Reading HPA' is correct. 
The 'Genomiphi' amplification with direct PCR labelling method in this experiment here 
making sense from the data analysis above; however, as there has no ratio greater than 
the best performing threshold 3 (median +3x standard deviations), to 
further knowledge 
of the detection, different labelling methods with the same environmental sample 
'RSTW-05-243' was tried in the following experiments. 
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6.2.3.4 'Genomiphi' amplification followed by direct PCR labelling with rive 
primers 
A cDNA from sewage sample 'RSTW-05-243' amplified by 'Genomiphi', and then 
directly labelled with Cy5 using PCR amplification by all of the 5 primers designed for 
CoxB4 ('ENT-BE' and 'HEV-B'), BEV ('ENT-BE' and 'anti-BE') and HAV ('Forward- 
HAW and 'Reverse HAW) was hybridized on array VM6 No. 74 with Cy3 labelled 
'MWG Arabidopsis' ofigo as a reference. 
Figure 6.9 (Array layout VM6 No. 74): 'RSTW-05-243' 'Genomiphi' amplification and 
direct PCR labelling with Cy5 (five primers) co-hybridized with 'MWG Arabidopsis' oligo 
labelled with Cy3 in the hybridization 
Figure 6.9 shows the resultant scanned image for this hybridization. It can be seen that 
probes '57-P-BEV', '9-CV-B4' and '51-P-HAV' with/without 'MWG Arabidopsis' 
oligo, and probe '2-CV-B V with 'MWG Arabidopsis' oligo have positive signals with 
probe '57-P-BEV' having the strongest signal. The lighting up of the probes '9-CV-B4' 
agrees with the desired result obtained from 'Reading HPA'. But the lighting up of 
probes '5 7-P-BEV' and '5 1 -P-HAV' is different from 'Reading 
HPA'. The probe '5 1 -P- 
HAW was particularly designed for the HAV viruses. In the UK, the HAV virus 
is 
excluded from the general identification; it is quite possible that the virus 
does exist 
within the given environmental sample; especially as the signal seen 
is so strong. The 
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signal from the probe '2-CV-Bl' was different from the VM6 No. 72 (see Section 
6.2.3.3), as there was no signal at the position of this probe without 'MWG Arabidopsis' 
oligo. This appears to be related to the hybridization quality of this experiment. The 
probe of '21 -EV-7 l' without 'MWG-control' had no signal either. 
Data analysis was performed using the filtering method of 'Quality 0' and 'P on CH1 
less than 50%, for all the probes on Log2Ratio CH2/CHI. The calculated median for the 
filtered data set was -7.897 with a standard deviation of 3.3114; the detection threshold 
was set at median + 3x standard deviation, the most accurate threshold discussed in 
Chapter V. When the list of probes that Passed the detection threshold applied was 
ranked in descending order by log2 environmental sample/control ratio (the sorting 
method performed by Excel is the same as showing in section 6.2.4.2), the top hit was the 
probe '57-P-BEV'; probe '9-CV-B4' for CoxB4 virus (the desired result) was the 6 th hit. 
Table 6.4: Positive probe identification from No. 74 for sewage sample 'RSTW-05-243' greater 
than the threshold 3 (median +3x standard deviations) 
9-CV-B4 4-CV-B3 40-PV-2 34-PV 46-BEV 51-P-HHAV 57-P-BEV 
41111 44 
Table 6.4 documents the probes that have a ratio greater than the detection threshold 
applied. In this slide when the threshold is up to 3 is used (median +3x standard 
deviation), there are still several probes can be identified. Based on data analysis and the 
detection threshold applied it is predicted that the sample contains Coxsackieveirus B4 
and B3 virus, Bovine Enterovirus, Poliovirus and even Hepatitis A virus. The detected 
presence of Coxsackieveirus B4 by probe '9-CV-B4' agrees with the result obtained from 
'Reading PHA' and is identified by 25% of all the spots printed on the array for this 
types of virus. The difference between the results obtained from No. 74 in this experiment 
('Genomiphi kit' then 5 primers amplification by in-PCR labelling method) and No. 72 
('Genomiphi kit' amplification, then one pair of specific primer in direct PCR labelling 
method) is that the pair of primers for BEV and HAV amplification was 
included in the 
former. Furthermore the more stringent threshold (median +3x standard deviations) 
could be applied to the data analysis This may be the reason that 
25% of spots for the 
probes '57-P-BEV' (detecting BEV virus) and '5 1 -P-HHAV' 
(detecting the HAV virus), 
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had been identified as having ratios greater then the detection threshold applied (median 
+3x standard deviations, a stringent threshold) in this test. This means it is likely that 
the BEV virus exist in this environmental sample (this is accordance with the detection 
result of VM6 NO. 77, in Section 6.2.3.2) and there is the possibility that HAV viruses 
existing within this environmental sample as well, although this is different from the 
virus identification from 'Reading HPA', the present microarray detection technique is 
expected to be more sensitive than the cell culture technique applied by 'Reading HPA'. 
it is also the case that the 'Reading HPA' would not have attempted cultivation of all the 
viruses putatively identified here. Additional labelling methods were conducted to further 
investigate what viruses could be within in this environmental sample. 
6.2.3.5 'Genomiphi' amplification followed by rive primers-based PCR and then 
labelling of PCR products using Klenow polymerase 
The cDNA generated from the sewage sample 'RSTW-05-243' first amplified by 
'Genomiphi', was then PCR amplified in the presence of 5 primers designed for CoxB4, 
BEV and HAV (see Section 6.2.3.4) without direct labelling. Afterwards the resultant 
PCR products were labelled with Cy5-dCTP by Klenow enzyme for 24 hours (see 
Section 2.8.3) and then hybridized on VM6 No. 75 against Cy3-labelled 'MWG 
Arabidopsis' oligo. 
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Figure 6.10 (VM6 No. 75): 'RSTW-05-243' cDNA was amplified by 'Genomiphi', then 5 
primer-based PCR and then PCR products were labelled with Cy5 using Klenow polymerase 
against Cy3 labelled 'MWG Arabidopsis' oligo in the hybridization 
Figure 6.10 shows the scanned image of this hybridization. From Figure 6.11 signals can 
be seen at probes '57-P-BEV', '9-CV-B4' and '8-CV-B4' with/without 'MWG 
Arabidopsis' oligo and '5 1 -P-HAV' with 'MWG Arabidopsis' oligo. Probe '57-P-BEV' 
had the strongest signal (same as that seen in VM6 No. 74, see Section 6.2.3.4), whilst the 
other probes '9-CV-B4', '8-CV-B4' and '5 1 -P-HAV' appearing quite weak. Essentially, 
the results seen in Figure 6.11 are similar to that seen in Figure 6.10, the differences 
being that probe '8-CV-B4' with/without 'MWG Arabidopsis' oligo gave a signal here 
(Figure 6.10), and no signals were obtained for probe '2-CV-B 1'. 
Data analysis for this environmental sample was performed using the filtering method of 
'Quality 0' and 'P on CH I less than 50%, for all the probes on Log2Ratio CH2/CHI. The 
calculated median of the filtered data set was -8.4005 with a standard deviation of 3.4983; 
the detection threshold applied being 2.0944 (median +3x standard deviations). When 
the list of probes that passed the detection threshold applied was ranked in descending 
order by1092 environmental sample/control ratio (as in section 6.2.3.2), probe '17-CV- 
A16' was the top hit, whilst probe '9-CV-B4' for CoxB4 virus (the desired result) was 
the third. Table 6.5 documents the probes having greater ratios than the above threshold 
applied (median +3x standard deviations). 
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Table 6.5: positive probe identification from array VM6 No. 75 from environmental sample 'RSTW-05-243' greater than the threshold of median +3x standard deviations 
9-CV-B4 
4 
14-CV-B6 
I 
17-CV-AI6 24-EV-71 
II 
22-EV-71 57-P-BEV 
14 
Given the detection threshold it would be predicted that Coxsackieveirus B4 and B6 virus, 
Bovine Enterovirus, Coxsackieveirus A16 and Enterovirus 71 are present within the 
given environmental sample (RSTW-05-243). The predicted presence of Coxsackieveirus 
B4 (25% spots of all the spots of probe '9-CV-B4'printed on the array having a greater 
ratio than the detection threshold) agrees with the result obtained from 'Reading HPA'. 
This identification is same as that obtained from the last section (VM6 No. 74) 
confirming the existing of Coxsackieveirus B4 in this sewage sample 'RSTW-05-243'. 
With this method and threshold, no '5 1 -P-HHAV' probe were identified, which is 
different from No. 74 ('Genomiphi' amplification then 5 primers amplification by in-PCR 
labelling method). The environmental sample is the same, but the labelling methods used 
are different: PCR products post labelling by Klenow enzyme for this data set (No. 75) 
and direct PCR labelling for No. 74. Differences between the two methods (PCR products 
post labelling by Klenow enzyme versus direct PCR labelling) can also be seen with the 
single hit of some probes. As these probes are just I of 8 or 16 spots, the reliability of 
identification can be doubted of those single hit probes. 
6.2.3.6 PCR amplification of cDNA from sewage sample, using five primers and 
post-labelling of PCR products using Klenow polymerase 
This experiment was designed to further investigate the efficiency of the 'Genomiphi' by 
missing out this amplification comparing the previous data (with 'Genomiphi' 
amplification) with five-primer-based PCR amplification. The purpose was also to 
ftu-ther compare the two labelling methods: direct PCR labelling (see Section 6.2.3.2, 
VM6 No. 77) with PCR products post labelling. In this experiment, cDNA of sample 
'RSTW-05-243' was PCR amplified by all of the 5 primers designed for CoxB4, BEV 
and HAV without labelling. Afterwards the PCR products were labelled with 
Cy5 by 
Klenow enzyme for 24 hours (reference as Chapter 11,2.7.3). The 
hybridization was 
performed as No. 72 (see section 6.2.3.1) against Cy3 -labelled 
'MWG Arabidopsis' oligo. 
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Figure 6.11 (Array VM6 No. 76): 'RSTW-05-243' cDNA multiplex PCR with five specific 
primers for CoxB4, BEV and HAV, then PCR product labelled with Cy5 using Klenow 
polymerase and then hybridized against Cy3 'MWG Arabidopsis' oligo 
Figure 6.11 shows the scanned image of this hybridization (VM6 No. 76). Signals can be 
seen at probes '57-P-BEV', '8-CV-B4' and '51-P-HAV' with/without 'MWG 
Arabidopsis' oligo, with '57-P-BEV' with/without 'MWG Arabidopsis oligo as the 
strongest. Other signals albeit weak at probes '9-CV-B4' and '2-CV-B V with/without 
'MWG Arabidopsis ' oligo can also be seen. 
Data analysis performed using the filtering method of 'Quality 0' and 'P on CHI less 
than 50%, for all the probes on Log2Ratio CH2/CHI. The calculated median for the 
filtered data set was -5.83 with a standard deviation of 3.6104. A detection threshold of 
1.39 (median + 2x standard deviation) was applied. As the standard deviation was large, 
the more stringent threshold yielded a no 'hit'. When the list of probes that passed the 
detection threshold were ranked in descending order Of 1092 environmental 
sample/control ratio, the top hit was the probe '57-P-BEV', probe '8-CV-B4' for CoxB4 
virus (an expected result) was the I oth ranked hit. 
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Table 6.6: Positive probe identification from array VM6 No. 76 for sewage sample 'RSTW-05-243' with ratios greater than the threshold of 2 (median +2x standard deviations) 
16-E-30 9-CV-B4 
42 
II -CV-B5 21-EV-71 22-EV-71 52-P-PV 17-CV-AI6 31 -HPeV-3 
144 
8-C -B4 50-P-HEV-A 29-HPeV-2 
334 
7-CV-B4 49-CV-B4 28-HPeV-1 
4 5 4 
46-BEV 33-PTV 12-CV-B5 51-P-HHAV 57-P-BEV 
4 4 1 4 4 
38-PV-1 15-E-30 14-CV-B6 24-EV-71 Y5---EV-71 
4 4 4 2 4 244 
40-PV-2 63-F-5 53-PV-1 27-HAV 5-CV-B3 13-CV-B5 
444244 
Table 6.6 shows the probes with a ratio greater than the detection threshold of median 
2x standard deviations. At this stringency many probes that are identified, but with the 
threshold 3 (median +3x standard deviations) no probe pass the threshold. The probes 
identified correspond to Coxsackieveirus 134,133ý 135 and 136 virus, Bovine Enterovirus, 
Coxsackieveirus A16 and Enterovirus 71, HAV and even Poliovirus being contained 
within the given environmental sample. Most of the probes have at least 25% spot 
identification of all the spots (for that particular probe) printed on the array. Many of the 
probes identified as being higher than the detection threshold were for the 
Coxsackieveirus B group, which specially agrees with the result obtained from 'Reading 
111PA', but includes not only Coxsackieveirus 134, but also Coxsackieveirus 132,133 and 
135. However, this particular method appears problematic in that too many probes were 
identified as positive at the threshold applied. From the above analysis, it appears that, 
'Genomiphi' amplification is a useful approach for detection of viruses from 
environmental sample. In addition it is deduced that PCR products post labelling method 
did not perform much better than the direct PCR labelling method. 
6.2.3.7 Summary of the results on microarray-based detection of viruses in sewage 
sample 'RSTW-05-243' 
The experiments discussed in this chapter were not only designed to detect the viruses 
in 
the sewage sample 'RETW-05-243', but also explored different methods 
for sample 
treatment including labelling and amplification conditions. Unfortunately, due to lack of 
time and funds, it was not possible to repeat the experiments conducted 
here to gain more 
insight into the problems that occur when dealing with environmental samples and 
their 
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labelling/amplification. Thus at this stage the establishment of the microarray technique 
for viral identification is the only factor that can be concentrated upon here. Without 
technical replication it is difficult to determine with great confidence which viruses exist 
in this environmental sample; replication of amplification and labelling methods/ 
hybridization would be necessary. Thus far, the results from 'Reading HPA' have been 
treated as a 'gold standard' with which the microarray detection/method should be 
judged. However, the results obtained from 'Reading HPA' were found by cell culture, a 
fundamentally different method from microarray-based identification of nucleic acids. 
Micrarray detection should be the more sensitive and comprehensive approach than cell 
culture as it is not limited in the different cell lines or depending on the cultivability of 
viruses themselves, indeed and even non-viable virus can be detected by this microarray 
technique. 
To attempt to deduce which viruses are present within the environmental sample 
'RSTW-05-243'. Table 6.7 was constructed to allow comparisons of each method 
discussed in this chapter and the probes identified as scoring positive with the 
corresponding method. This not only allows the selection of the best method but, the 
identification of probes by multiple methods would suggest a particular viral presence 
within the sample as the presence has remained over numerous trials. 
Thus, considering that the detection threshold that could be applied reached median +3x 
standard deviation, the method used in slide 74 and slide 75 with 'Genomiphi' 
amplification appears better. As the standard deviations are small, this allows the 
threshold to become so high (i. e. median +3x deviations contrasting with median +2x 
standard deviations); the lower the standard deviation the less variance between probes, 
as the probes should all have the same uniform control signal in the Cy3 channel (in the 
spots that have that the control included), it would follow that there should be little 
variance between spots on the affay if very few are hybridized to in the Cy5 channel (the 
test sample channel). VM6 No. 77 without 'Genomiphi kit' amplification still achieved a 
threshold of median + 3x standard deviation, the probes coming up were mainly 
'57-P- 
BEV'. It did include two probes for CoxB4 ('47-14EV-134' and '7-CV-B4') and also one 
probe for CoxB6 ('14-CV-136'), but there are only one hit 
(their reliability could be 
doubted), which different from the No. 74 and No. 75, which scored probe 
'9-CV-B4' (the 
predicted result), as 25% identification for CoxB4. 
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Table 6.7: Summary of the probe identification for environmental sample IRSTW-05-243' 
b lli h d 
Slide 77 Slide 72 
- 
-Sli-de74 --ýI--i&75 Slide 76 La e ng Met o s 
i hi 
In-PCR Tn-PCR 
-- -- 
In-PCR 
- 
Klenow 
- 
enzyme 
Klenow 
enzyme Genom p Amplification No Ve s Yes Yes No 
_Primers 
3 2 5 5 5 
_Threshold 
3 -2 -3 3 2 
Identified probes in Threshold 3 (median + 3x standard deviation) 
BEV 57-P-BEV 8 0 -4 4 0 
46-BEV 0 0 -1 0 0 
CV-B4 47-HEV-B4 1 0 0 0 0 
7-CV-B4 1 0 0 0 0 
9-CV-B4 0 0 4 4 0 
_CV-B3 
4-CV-B3 0 0 1 0 0 
CV-B6 14-CV-B6 1 0 0 1 0 
EV-71 24-EV-71 0 0 0 1 0 
21 -EV-71 2 0 0 0 0 
22-EV-71 1 0 0 1 0 
_CV-A16 
17-CV-A16 0 0 0 1 0 
HAV 51-P-HHAV 0 0 4 0 0 
PV 40-PV-2 0 0 1 0 0 
34-PV 0 0 1 0 0 
37-PV-1 1 0 1 0 0 
Identified probes in Threshold 2 (median + 2x standard deviation) at least 4 spots 
BEV 57-P-BEV 4 12 12 4 4 
46-BEV 4 0 0 0 4 
CV-B4 8-CV-B4 4 0 0 0 0 
9-CV-B4 0 4 4 4 0 
49-14EV-B4 0 0 0 0 4 
CV-B3 5-CV-B3 0 0 0 0 4 
_ CV-B6 14-CV-B6 0 0 0 0 4 
_ CV-B I 2-CV-B 1 4 5 5 0 0 
CV-B5 II -CV-B5 0 0 0 0 4 
13-CV-B5 0 0 0 0 4 
EV-71 22-EV-71 4 0 0 0 4 
21 -EV-71 8 0 0 4 5 
25-EV-71 0 0 0 0 4 
CV-A16 17-CV-A16 0 0 0 0 4 
_ JIAV 51-P-HHAV 0 4 4 0 4 
E-3 0 15-E-30 0 0 0 0 4 
16-E-30 4 0 0 0 4 
PV 38-PV-1 4 0 0 0 0 
37-PV-1 0 0 0 0 0 
53-PV-1 0 0 0 0 4 
40-PV-2 0 0 0 0 4 
HPeV 28-HPeV-1 0 0 0 0 4 
31 -HPeV-3 0 
0 0 0 4 
32-HPeV-5 4 0 0 0 0 
PTV 33-PTV 0 0 0 0 4 
Astrovirus- 63-F-5 0 0 0 0 4 
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When comparing the results of No. 74 and No. 75, it is concluded that there is not much 
difference between PCR direct-labelling and PCR products post labelling with Klenow 
polymerase. The direct PCR labelling seems slightly better; as more expected probes 
were identified. It saves time too, as it labels the sample at the same time with the PCR 
amplification. Multiply primers, at least up to five primers did not affect the 
amplification results and it seems to enable amplification, and hence detection of more 
viruses: for instance the probe '5 1 -P-HHAV' represents the HAV. 
VM6 No. 72 and No. 77 illustrate the results of direct PCR labelling with specific primers, 
though the labelled material on No. 72 was initially amplified with 'Genomiphi' whereas 
No. 77 was not. No. 77 was able to achieve a threshold of median +3x standard 
deviations (key for reasons just described), unlike No. 72, and when compared using a 
detection threshold of median + 2x standard deviation, less probes were identified in No. 
77 than No. 72. This indicates that 'Genomiphi' causes the probes to show up more 
evenly (because 'Genomiphi' uses random hexamer primers, it enable random 
exponential amplification of the input cDNA), that is amplifies non-specifically, giving 
more signals to more probes- which, as described previously, is what was expected. 
The samples of No. 75 and No. 76 were amplified using five primers and the PCR 
products were post-labelled with Klenow polymerase. No. 75 (with 'Genomiphi') was 
n, k able to achieve the detection threshold of median + 3x standard deviation whilst No. 76 
(without 'Genomiphi') was not, suggesting that 'Genomiphi' amplification was more 
specific (than that observed in No. 72). These are conflicting results (comparing No. 72, 
755 76 and 77) and would be best resolved with technical replication, as noise on an array 
could give large variance in the data producing spurious results as seen in No. 72, rather 
than non-specific amplification. 
The comparisons made between methods suggest that the best sample treatment method 
(thus far tested) is with 'Genomiphi' amplification, five primers PCR amplification, 
and/or either in-PCR labelling or PCR products post labelling by Klenow enzyme. 
For 
time saving, in-PCR labelling (as seen in slide 75) maybe the slightly 
better option, 
according to the agreement of the results obtained from 'Reading 
HPA' and the apparent 
greater sensitivity than theirs. Furthermore, the better method 
for sample treatment is 
considered to be the 'Genomiphi' first, as it can 
dramatically increase the amount of 
160 
DNA product from the input cDNA from the environmental sample and reduce the data 
variance. 
Based on the analysis in this study, the better hybridized slides are No. 74 and No. 75, as 
they have more desired and reliable probes identified by the best threshold. From those 
two slides, the identified probes, via application of the detection threshold need to be 
compared. Firstly, looking at the identified probes when the threshold is at median +3x 
standard deviation; both of slides (74 and 75) identified probes '57-P-BEV' and '9-CV- 
B4' with four copies of each probe having a higher ratio than the set detection threshold. 
This result points to two kinds of viruses: Bovine Enterovirus, and Coxsackieveirus B4 
being present within the sewage sample 'RSTW-05-243'. The conclusion that the 
Coxsackieveirus B4 is present within the sample agrees with the result from 'Reading 
HPA'. On slide 74 multiplex copies of the probe '5 1 -P-HHAV' for the HAV virus had 
ratios higher than the detection threshold, though in slide 75 this is not true. However, in 
slide 76, when the threshold of median + 2x standard deviation was applied, the HAV 
virus was again identified as being present. Thus it is quite possible that the HAV is in 
this environmental sample (as previously discussed). Five additional probes had a ratio 
greater than the detection threshold on slide 74, all with only one hit. These include the 
probe '46-BEV-2', which can be put under the BEV identification; the probe '4-CV-B3', 
which agrees with the results from the 'Reading HPA'; and surprise, three probes 
designed for the poliovirus. It is possible that the three probes: '37-PV-I', '34-PV', 
and '40-PV-2' identifying the poliovirus have cross-hybridized with the labelled BEV, 
which can be checked in Chapter V under BEV identification (Section 5.2.2.1). On the 
other hand, it is of course possible that poliovirus is present within the sewage sample. 
6.3 General discussion of sample processing and array analysis 
6.3.1 The different RNA extraction methods 
The difference between 'RNAzolTmB' and 'QlAamp Viral RNA Mini Kit' RNA 
extraction methods is the column used in the latter. The first one is used to collect the 
products from the bottom of the tube. The column purification 
is different, as the 
products needed to be purified will combine with the column and the rest of 
the reagent 
will be washed off. However, the combination and the release are not 
100% efficient, and 
some loss is caused during the washing procedure, 
leaving around 10-20% products left 
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after the column purification. The RNA quantity will be increased by using carrier RNA 
(tRNA or Yeast RNA), which is important when working with small quantities. 
6.3.2 Purification of the labelled amplification products 
If the cDNA product has been purified before direct PCR labelling, then the purification 
result for the PCR products will be much better than that of cDNA without purification. 
However, because the purification could cause the loss of labelled PCR products, where 
there is little sample (as in the case of the given environment sample), the situation will 
be made worse. Therefore, the purification for the labelling products was not done for the 
environmental samples; this does, however, cause the control of hybridization 
concentration and quality to be more difficult and as a consequence complicates data 
analysis. 
6.3.3 The controls 
6.3.3.1 Controls in the amplification and labelling system 
The checking of PCR products on a gel before hybridization is used to verify that 
amplification products are obtained; as for example, a negative hybridization result might 
be because there is no amplification product instead of inefficient labelling/hybridization 
reaction. Indeed without check-points at every step of the protocol, the source of 
problems (negative results) is difficult to pinpoint. However, checking the labelled PCR 
products on a gel can only indicate whether there are any amplified products, not whether 
the labelling efficiency is any good. Therefore the labelling efficiency needs to be 
checked by other means in any future work. 
6.3.3.2 Controls for the microarray 
The general 'MWG Arabidopsis' oligo is a type of control used to describe the quality of 
the array used in the downstream data analysis. Each of the control spots can identify 
regions of 'bad' hybridization quality (local hybridization problems) and aid the 
normalization (reduction of noise) for analysis of the data. 
6.3.4 Discussion of the microarray detection results discrepant with those from 
'Reading HPAI 
The results obtained from the Reading hospital were mainly 
based on the BGM cell 
culture assay, which could have a lower frequency of 
Enterovirus detection than the 
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microarray technique. This may be because of the presence of infectious Enteroviruses 
that grow poorly/not at all in BGM cell cultures (such as Coxsackieviruses group A or 
some Echoviruses strains); or because there is presence of non-infectious Enteroviral 
capsids containing a genome (Limsawat, 1997). The cDNA synthesis, coupled with non- 
specific and specific exponential amplification, as conducted in this study, followed by 
hybridization on a virus-specific microarray will detect a wide variety of viral genome 
whether the virus is cultivable, non-cultivable or non-viable. 
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7. CHAPTER VII: GENERAL DISCUSSION AND FUTURE WORK 
7.1 General discussion 
7 7.1.1 PCR amplification of viral nucleic acids 
If highly conserved primer sequences are available then PCR can be used to amplify a 
range of related viruses followed by hybridization to an array composed of relevant 
pathogen-specific probes. Most RT-PCR-based detection assays are based on the viral 
RNA polymerase Tol' region because this region is more conserved than the capsid 
region (Wang, 1994). If a PCR product is present but does not hybridize to any existing 
probes, then sequencing will be needed to identify the product. Furthermore, as with all 
assays, custom microarray platforms should undergo validation experiments to confirm 
probe specificity Different amplification systems vary in efficiency depending on the 
total amount of nucleic acid present in the reaction. 
However,, PCR-based detection for the viruses in this project presents four problems: 
Firstly, RNA viruses in the Picomaviridea cannot be amplified by PCR until the RNA 
has been reverse transcribed (RT) to DNA. The RT step makes the PCR amplification 
complex, and it is a variable itself Secondly, only a short segment of virus genome (in 
this project is 400-600 nucleotides) can be targeted by PCR. Information on the rest of 
the genome cannot be obtained by this PCR amplification. Thirdly, the detected numbers 
of DNA copies are not related to the number of RNA copies that actually exist in the real 
sample; Finally, PCR detection cannot distinguish between targets present as an intact 
genome inside a viable particle and short segments of free RNA released by virus 
degradation. When the virus particle is intact, RNA degradation hardly happens; but 
when the particle is not intact, the RNA will degrade rapidly. Slomka and Appleton 
(1998) found that RNA was rapidly degraded after inactivation of the virus FCV in 
shellfish they also confirmed the presence of some uncultivable viruses with a positive 
PCR result (Slomka, 1998). Inactivated particles could no longer attach to host cells and 
cause disease,, however the RNA still remains intact within the particle and continues to 
be detected by PCR. This suggests that PCR-based detection could overestimate the 
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extent of virus contamination by detecting inactive virus particles which do not present a 
threat to a consumer (Sobsey, 1999). 
PCR contamination is an important problem for all workers in this application of PCR 
technology. In the end contamination of the reaction will be scored as a positive by the 
microarray which is of course also sensitive to the effects of contamination. As a 
precaution UV was used to treat the pipette and the reaction reagents before the PCR 
experiments and it appeared, largely, to work efficiently to control the contamination. 
Negative control (blank, no sample adding) was also introduced in every PCR 
experiment to check and prevent false positive results. 
7.1.2 Calculation of the sensitivity of the extraction/amplification system 
When using PCR to detect pathogens in water there are a number of factors that can 
reduce the sensitivity The negative result is more related to the assay sensitivity than the 
positive result. The assay sensitivity varies from sample to sample and is critical in the 
interpretation of the results. That is, if the assay is affected by sampling conditions, the 
sample that presents a health risk will be scored as negative due the lack of sensitivity; 
this will result in an incorrect conclusion about the health risks for a particular 
environment (e. g., water supply). Thus, how much sample is processed, the efficiency of 
pathogen isolation, nucleic acid extraction, the efficiency of and the effect of 
co-precipitating factors that inhibit PCR need to be considered when producing a 
sampling design (Loge, 2002). 
To determine the sensitivity of the method to extract RNA from water, followed by 
RT-PCR, known amounts of viruses (PFU) or virus RNA (copy) were added to 
RNase-free water. There were the reports that, the protocol for RNA extraction followed 
by RT-PCR amplification was capable of detecting 0.5 to 2 viral PFU in 14gi of 
faecal 
extract and 0.2 PFU in l4pl of water (Ley, 2002) for viral RNA, the sensitivity of the 
Enterovirus RT-PCR and hybridization assay is estimated to be between 10 and 100 
copies (Hot, 2003). In this project, by the method of spiking viruses 
into distilled water 
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or a negative environmental sample, the sensitivity of I oopfu/ml is obtained for the latter 
negative environmental sample condition, whilst the sensitivity of IOpfu/ml has been 
obtained in the distilled water condition (see Section 6.2.1.1 and 6.2.1.3). The sensitivity 
calculated by RNA copies could not be done as when the RNA extraction was performed, 
carrier tRNA (for increasing the extraction efficiency) was the main part of the RNA 
concentration,, viral RNA could not be calculated. Although one 'PFU' could equal to 
more than one viruses/RNA molecules,. and is not a precise way to calculate the 
sensitivity, considering the environmental situations with virus, and the detection results 
of samples obtained from 'Reading BPX were also used this 'PFU' model,, thus this has 
been retained as the parameter for sensitivity in this project. 
7.1.3 Fluorescent labeling methods 
Three different fluorescent labeling methods have been successively applied in this work: 
first-strand cDNA labeling, direct incorporation during PCR reaction and PCR product 
post-labeling by Klenow polymerase. First-strand cDN., A labeling labels a virus genome 
with fluorescent Cy-dye at the same time as it is reverse transcribed into cDNA. Though 
this method worked for the large amounts of virus RNA extracted from the cell-grown 
viruses,, it is probably not applicable in the detection of environmental samples, as many 
viruses cannot be cultured before conducting the labeling. Therefore,,, where fluorescence 
is used as the labeling component, the incorporation of an amplification step cannot be 
ignored in this project. 
The direct PCR labeling method simultaneously incorporates Cy-dCTP during 
amplification of the cDNA products, saving significant time when compared to methods 
of labeling after amplification. From the detection results in Chapter VL (Section 6.2.3), 
it can be seen that this method performed well, as it identified many expected probes 
using the most stringent data analysis threshold. However, when several virus templates 
and primers are in the same reaction, the sensitivity and the specificity of this method 
might need to be improved; this is related to the compromising of the multiplex 
PCR 
technique itself (discussed in Chapter IV, Section 4.3). The amplification efficiency of 
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different primers for different samples is likely to be different, which needs to be further 
estimated, for example, by the TaqMan Real-time PCR technique in the future work. 
However, the use of the bacteriophage 29 polymerase-based system (the 'Genomlphi Kit') 
should be investigated farther. This has the great advantage that it randomly amplifies all 
cDNA in a sample, and it is possible that specific or pan primer-based PCR is not 
necessary to achieve detection of viruses in a sample. It would be of interest to assess the 
efficiency of direct labeling of the cDNA during the Genomiphi-based amplification and 
relate the results to those obtained in Chapter 6. In the present study the Genomiphi kit 
was only used in combination with PCR-labeling with combinations of specific primers. 
The latter approach is likely to further enhance representation of particular viruses in the 
labeled sample but should not prevent detection of other viruses that would not be 
amplified via the specific input primers. In this context, it is interesting to note that 
several unexpected viruses were detected on array VM6 using the 'Genomiphi+PCR 1) 
labeling approach. 
The initial amount of nucleic acids in the environmental samples should be calculated as 
well, as this will affect the sensitivity of the PCR itself (Chapter VI, section 6.2.3). 
Because this project was mainly focused on the investigation of presence or absence of 
viruses in the environmental sample, the amount of amplification with labeling in 
relation to the intensity of the hybridization signal is probably not a major issue when the 
signals are beyond a certain level (e. g. the threshold set in the hybridization data 
analysis). However, when below this certain level, this will cause a big problem since the 
presence or absence of a virus might be miss-called. Indeed improvement of the direct 
PCR labeling method is critically related to the improvement of the multiplex PCR 
technique itself and need to be farther optimized for the environmental samples. 
The PCR products labeled by the Klenow polymerase method gave similar detection 
results (from the data analysis) as the direct PCR labeling method 
(Chapter VI, Section 
6,23), However this labeling method needed two times purification (the first time is to 
purify the PCR products for the Klenow polymerase to 
function efficiently and the 
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second time is to get rid of the Klenow polymerase and other reagents that might 
influence the hybridization results, causing much loss of the labeled PCR products, this is 
a factor to be aware of when dealing with very dilute test samples. 
7.1.4 Monitoring the success of labeling reactions 
Monitoring the incorporation of Cy-dye into labeled cDNA probe is one of the most 
critical success factors for obtaining high quality microarray data. The yield of 
fluorescently labeled target is determined not only by the success of the labeling step and 
by the amount of template RNA used in the reaction, but more importantly, by the 
recovery of labeled material from the purification system. Reproducible microarray 
experiments require the use of dye-balanced and optimal amounts of fluorescently 
labeled samples in hybridizations. This can only be achieved if the amounts of Cy3 and 
Cy5 labeled samples are quantified before setting up hybridization reactions. Typical 
yield of labeled cDNA with the recommended purification systems varies from 
40-100pmol of Cy3 or Cy5 incorporated into probe using 0.5pg control mRNA as 
template. 70-150pmol of Cy-dye is typically incorporated in a standard labeling reaction 
with Igg of mRNA. Some loss of labeled cDNA will occur during purification, so the 
actual amount of labeled cDNA will vary from sample to sample. Higher or lower 
amounts of labeled sample, or unequal mounts of Cy3 and Cy5 will lead to loss of signal 
intensity, decrease in sensitivity of detection and poor data quality. 
Labeling% = 340*pmoldydngnucIeicacid 
* 1000 x 100%- 
The labeling efficiency is hard to estimate, as for the very low virus titre environmental 
samples, the step for purification of labeled product was non-nally left out to minimize 
losses (any purification step will. reduce the labeling products). Spectrophotometry 
cannot estimate the labeling efficiency without purification after PCR reaction, therefore 
the incorporation of the Cy-dye labeled sample was harder to control. However, as this 
microarray technique is mainly focused on the virus presence or absence, and every virus 
in the given environmental sample will be under the same situation of 
labeling without 
purification,, so labeling efficiency is not a critical factor needed to 
be estimated in this 
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project. However, the knowledge of how many DNA have been labeled in the PCR 
products before hybridization, does help the data analysis, and will optimize this 
estimation of the virus detection in the environmental sample. This could be improved in 
future work. 
7.1.5 Microarray detection system 
The development of the DNA microarray chip has been driven by modern techniques of 
microelectronic fabrication, miniaturization and integration to produce what is referred to 
as 'laboratory-on-chip' devices. DNA microarrays, also known as DNA chips, comprise 
a new technology advancing at a tremendous pace because of its power, flexibility, 
sensitivity and relative simplicity. 
Although microarray technology has been used successfully to analyze global gene 
expression in pure cultures, adapting microarray hybridization for use in environmental 
studies presents great challenges in terms of specificity, sensitivity and quantification. 
Although the microarray assay system that has been described throughout this work is 
preliminary and could be modified for optimal performance, it is clear that DNA 
microarray technology will be applied to other pathogens and that it will be a useful 
diagnostic method in the clinical laboratory. 
7.1.6 Probe design 
Obviously since the database (fully sequenced viral genomes in Gene-Bank) is not 
complete and many un-sequenced viruses persist in circulation, analysis could never 
exclude chance hybridization with as yet unknown agents. The design of comprehensive 
virus detection arrays will always need to be amended to accommodate new isolates as 
they are identified. 
7.1.7 Environmental sample detection 
Currently, there is no single method to collect, process, and analyze an environmental 
sample for all pathogenic microorganisms of interest. Some of the 
difficulties in 
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developing a universal method include the physical differences between the major 
pathogen groups, efficiently concentrating large volumes of water samples to detect low 
target concentrations of certain pathogen groups, removing co-concentrated inhibitors 
from the sample and standardizing culture-independent endpoint detection methods. 
Integrating the disparate technologies into a single, universal, simple method and 
detection system would represent a significant advance in public health and 
microbiological water quality analysis. 
Checking the detection results ftom the Reading HPA in Chapter 11, Table 2.2, most of 
the viruses detected belong to the Coxsackie virus group B. From the results of the 
environmental samples detected by the microarray techniques established in this project 
(reference as Chapter VI, section 6.2.4), other viruses were detected rather than the 
Coxsackie B,, including the Coxsackie A virus. One of the possible reasons for this 
difference is that Coxsackie A group is hard to culture and the virus source is very 
difficult to determine, and is not easily tested with the cell cultured method (Li, 2002). 
7.1.8 Other advanced methods-nano-particles 
Most microarray applications are limited by the starting amounts of nucleic acids to be 
studied. In other words, detection sensitivity is a major limitation of microarrays that has 
to be compensated by several enzymatic steps for target amplification or labeling (Call, 
2003). It would be most welcome the procedure has no any enzymatic target 
amplification involved (Straub, 2003). This procedure would significantly reduce the 
turn-around time and overcome enzymatic-induced signal alterations or biases, including 
the presence of inhibitors (Bavykin, 200 1). 
Fluorescent technology has played a main role in the development of microarray 
technology and usually requires PCR amplification to obtain sufficient amounts of targets 
(Kwok 2001), Fluorescent labeling typically requires target amplification to obtain 
sufficient amounts of targets, has been the 'gold standard' in the microarrays 
detection 
(Lipshutz, 1999, Kwok, 2001), fluorescent labeling typically requires target amplification 
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to obtain sufficient amounts of target and complex instrumentation is needed for 
detection, 
., ultimately 
limiting its utility in applications. One avenue that has been actively 
pursued over the past 8 years is the development of nano-particle labeling methodologies 
based on the limit amounts of nucleic acids to be studied (Storhoff, 1999; Niemeyer, 
2001). This method is a microarray-based identification system developed for direct 
application to samples that are in very low abundances but this method does not require 
enzymatic target amplification. This is possible due to the unique set of physical 
properties offered by metal semi-conductors, and magnetic nano-particles (Mirkin, 1996; 
Bruchez, 1999; Chan, 1998; Straub, 2003). This approach could significantly reduce the 
turn-around time,, overcome enzymatic-induced signal alterations and enable a sensitive 
detection of nucleic acids (Bavykin, 200 1. Lockhart, 2000, Kwok, 200 1, Niemeyer, 200 1, 
Kirký 2002). Mlirkin and his colleagues (Mirkin, 1996) were the first to report 
nano-particle labeling for DNA microarrays that can be detected directly by absorbance 
when nanomolar (nM) concentrations of target are used for hybridization. This initial 
study provided the basis for the development of simple, inexpensive nano-particle-based 
labeling and detection systems that provide sensitivity and specificity superior to 
fluorescence. Thus, because of the reported sensitivity even with a limited starting 
quantity, nano-particles are a possible candidate for improving detection of viruses using 
microarray as detailed in this project. The reason for not trying it within this project is 
that it requires a whole different system against to that is presently at University of 
Surrey, which is currently suited only to the fluorescent approach thus this project 
attempted to develop fluorescent labeling for application to limited sample quantities. 
7.1.9 Microarray conclusions and future prospects 
In recent years there have been enormous advances in microarray technologies and a 
tremendous volume of literature su, pporting its central role in gene discovery, vaccine and 
drug development, and diagnosis. A group of scientists in the US are attempting to make 
this technique more useful and accessible to scientists worldwide by creating a web site 
where free instructions are given online on how to 
build a DNA microaffay system for 
making customized chips )rd. edu/ pbrown/mguide as well as software 
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for data evaluation (http: Hmi roarra s. org, - http: //www. gene-chips. com). An extensive 
collection of reviews on technical, scientific and practical aspects of DNA chip 
technology have appeared in a supplement issue of nature genetics. These are but a few 
of the examples that will help researchers design their experiments and implement their 
ideas in a cost-effective manner. Given the foreseeable developments in data mining 
technologies and other computational tools, it can be anticipated that the complex 
information obtained from microarray experiments will significantly improve our 
knowledge of complex human disease phenotypes. Very soon it will change from being 
an femerging technology' to a 'classic technique'. It is almost certain that microarrays 
will offer a road map for prevention of illness throughout a lifetime. 
7.2 Future work 
7.2.1 The microarray probe design 
Although in total 152 probes have been designed for the Picornavirus family, not all have 
yet been synthesized, printed and tested on this microarray. This was principally due to 
time constraints. Future virus detection arrays would benefit from the inclusion and 
testing of all these probes, because it is not possible to deduce a priority which probes 
will perform best; experimental validation is a crucial step in probe optimization for 
arrays. 
7.2.2 Real-time PCR 
Real-time PCR can be used to detect the quantity of samples; it can also be used to check 
for the amplification efficiency of different primers in the multiplex PCR reaction. This 
would be useful to estimate the hybridization results, interpret the data analysis and find 
negative results. Real-time PCR needs to be conducted to obtain a more accurate estimate 
of the affects of different primers in the multiplex PCR (Chapter IV, Figure 4.9), as the 
different amplification efficiency of different primers in multiplex PCR, would influence 
the final yields of each amplification product samples. This will assist the 
development 
of a more applicable method to real environmental samples and could 
have knock-on 
effects upon downstream data analysis or indeed, the interpretation of results. 
The idea to 
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use Real-time PCR in this project is to investigate the amplification efficiency of 
different primers (such as the pair of primers 'E-NT-BE' with 'Anti-BE' for Bovine 
Enlerovirus,, with 'HEV-B' for CoxB4 virus). In this context,, the standard curve in this 
Real-time PCR experiment has already been established. 
7.2.3 Use of specific primers for Polioviruses 
According to the detection results of the sewage sample: 'RSTW-05-243' (Chapter VI, 
Section 6.2.3), there were some specific microarray probes designed for Polioviruses 
showing up frequently in this sample from different array hybridizations. Because 
cell-grown Polioviruses was not the virus sample available so far for this project, the 
specific primers designed for CoxB4, BEV and HAV could not be used to check the 
efficiency of the Polioviruses amplification. There is therefore a need to design the 
specific PCR primers for amplifying Polioviruses and also to get cell-grown Polioviruses 
or their RNA in the Eature work to further verify whether Polioviruses are indeed present 
in this environmental sample or whether it is coming from cross-hybridization or 
contamination. 
7.2.4 Experimental replication of the microarray analysis environmental samples 
With regard to microarray-based detection of viruses in environmental samples, there is 
clearly a critical need to conduct technical experimental repeats of some of the 
experiments described in Chapter VI, particularly the experiments which exploited 
'Genomiphi' amplification coupled with specific primer-based direct PCR labeling. The 
thresholds used for the data analysis (Chapters V and VI) were relatively stringent. 
However, the inclusion of multiple technical repeats will allow a far more rigorous 
statistical evaluation of the array data-allotting one to attach confidence values on 
presence/absence of each virus. Time constraints prevented replication of the optimized 
microarray-based procedure. However, replicate experiments will be conducted to 
corroborate, the findings described in Chapter VI. In addition, more environmental 
samples needs to be evaluated with these viral probe microarrays and the results 
compared with the cell culture-based detection results obtained 
fi7om 'Reading ]HPN; this 
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will help to improve upon the techniques/strategy already developed within this project 
and perhaps, eventually, replace currently used cell culture detection method for 
waterbome viruses. 
in a long run, this project sought to establish a microarray-based approach to detect and 
differentiate between viruses in environmental waters, thus to develop a sensitive and 
rapid system for monitoring virus contamination that might provide data not only for 
improved predictions of the outbreak of diseases but to lead to the effective modeling of 
virus (re)circulation through the environment. 
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APPENDIX: 
OAM Na phosphate 200ml 
0.2M sodium phosphate, mono-sodium salt: 27.6g NaH2PO4-1 H20 (138) in 500ml 
H20, and to 1L with H20,0.2 M sodium phosphate, di-sodium salt: 53.62g Na2HP04 
-7 H20(268.1) in 500ml H20, and to IL with H20. 
OAM K phosphate 200ml 
0.2M potassium phosphate, mono-potassium salt: 27.2g KH2PO4 (136.09) in 500ml 
H20, and to IL with H20.0.2 M potassium phosphate, di-potassium salt: 34.8g 
K2HP04 (174.18) in 500ml H20, and to IL with H20, 
The table below gives the volumes in ml of these solutions and H20that should be 
mixed together to obtain a 200ml solution of 0.1 M KfNa Phosphate with a specific 
desired PH. 
Desired PH Sodium or potassium, 
phosphate mono salt (ml) 
Sodium or potassium, 
phosphate di salt (ml) 
H20 (MI) 
5.7 93.5 6.5 100 
5.8 92.0 8.0 100 
5.9 90.0 10.0 100 
6.0 87.7 12.3 100 
6.1 85.5 15.0 100 
6.2 81.5 18.5 100 
6.3 77.5 22.5 100 
6.4 73.5 26.5 100 
6.5 68.5 31.5 100 
6.6 62.5 37.5 100 
6.7 56.5 43.5 100 
6.8 51.0 49.0 100 
6.9 45.0 55.0 100 
7.0 39.0 61.0 100 
7.1 33.0 67.0 100 
7.2 28.0 72.0 100 
7.3 23.0 77.0 100 
7.4 19.0 81.0 100 
7.5 16.0 84.0 100 
7.6 13.0 87.0 100 
7.7 10.5 90.5 100 
7.8 8.5 91.5 100 
7.9 7.0 93.5 100 
8.0 5.3 94.7 100 
I 
10 x Proteinase K Buffer 
The buffer is including 1 OOmM Tris, PH7.8,50 mM EDTA and 5% SDS. 
0.05M Tris-100ml 
The table below gives the volumes of O-IM Tris buffer, OAM HCI and H20 that 
should be mixed together to obtain a 100ml solution of 0.05M Tris with a specific 
desired PH. 
Desired PH OAM HCI (ml) OAM Tris (ml) H20(MI) 
7.3 43.4 50 6.6 
7.4 42.0 50 8.0 
7.5 40.3 50 9.7 
7.6 38.5 50 11.5 
7.7 36.6 50 13.4 
7.8 34.5 50 15.5 
7.9 32.0 50 18.0 
8.0 29.2 50 20.8 
8.1 26.2 50 23.8 
8.2 22.9 50 27.1 
8.3 19.9 50 30.1 
8.4 17.2 50 32.8 
8.5 14.7 50 35.3 
8.6 12.4 50 37.6 
Ix TE -Ilitre 
I Oml IM Tris (PH 8.0,7.6 or 7.4) and 2ml 0.5 M Na2EDTA (PH 8.0) to 800ml H20, 
add H20 to llitre, autoclaving and then store at room temperature. (For certain 
application such as storage of DNA that will be used in PCR or other enzymatic 
reactions, add 200ýd 0.5M Na2EDTA instead of 2ml. 
lOx MOPS -11itre 
Add 41.85g 4-morpholinepropanes[ilfonic acid (MOPS-free acid, MW=209.27) and 
6.80g sodium acetate-3 H20(NaOAC-3 H20, MW=136.08) to 800ml DEPC treated 
H20 and stir until completely dissolved. Add 20ml of a DEPC treated 0.5M 
Na2EDTA solution and adjust PH to 7.0 with I OM NaOH. Add DEPC H20 to I litre, 
store at 4*C protected from light. 
10 x TBE Running buffer 
Tris base, 107.8g, Boric acid, 55g, EDTA (diNa. 2H20) 9.3g and water to I litre. 
2 
10% SDS - llitre 
1 OOg sodium dodecyl sulphate crystals (SDS) in 900 ml H20, heat to 68 0 to solute 
the crystals. Adjust PH to 7.2 with HCl (-50pl), Add H20 to Ilitre, store at room 
temperature without autoclaving. The fine crystals of SDS disperse easily, wear a 
mask when weighing SDS and clean the weighing area and balance after use. When 
SDS crystals precipitate (e. g. due to cold temperature), re-dissolve by warming the 
solution at 37C - 
IM Tris - llitre 
121.4g tris (hydroxymethyl) arninomethane (Tris 121.14) in 800ml H20, adjust PH 
with HCI to PH 7.4 (-70ml), or PH 7.6 (-60ml), or PH 8.0 (-42ml), add H20to I litre, 
autoclaving and then store at room temperature. 
10 x PBS - Ilitre 
80g NaCl, 2g KCI, 26.8g Na2HP04-7H20 and 2.4gKH2PO4 in 800ml H20, adjust PH 
7.4 with HCI, add H20 to llitre, autoclaving and then store at room temperature. 
20 x SSC - Ilitre 
175.3g NaCl and 88.2g sodium citrate-2H20in 800ml H20, adjust PH with HCI to 
PH 7.0, add H20to I litre, autoclaving and then store at room temperature. 
10 x Agarose gel sample buffer 100ml 
250mg bromophenol blue and/or 250mg xylene cyanol in 33ml 150mM Tris PH 7.6, 
add 60ml glycerol and 7ml H20, store at room temperature. 
2x TBE Sample Buffer 
4mls 10 x TBE Running, 4mls glycerol, 12mls distilled H20, bromophenol blue dye, 
xylene cyanol some dye. 
3M NaOAC- llitre 
Dissolve 408.24g sodium acetate-3 
H20 (NaOAC-3 H20, MW=136.08) in 800ml 
H20, adjust to PH 5.2 with glacial acetic acid or to PH 7.0 with 
diluted acetic acid. 
Add H20 to I litre, autoclaving store at room temperature. 
3 
10 x TBE (Tris-borate M) 
108g Tris + 55g Boric acid in 900ml H20, add 40ml 0.5 M Na2EDTA (PH 8.0) and to 
IL with H20, store at room temperature. 
0.5M Na2EDTA (PH8.0)- Ilitre 
Dissolve 186.12g disodium ethylenediaminetetraacetate-2 H20 (Na2EDTA-2 H20, 
MW = 372.24) in 800ml H20, stir vigorously on a magnetic stirrer, Adjust to PH 8.0 
with NaOH (-20g NaOH pellets) and adjust volume to I litre with H20, autoclaving 
then store at room temperature. The disodium salt of EDTA will be only soluble when 
the PH of the solution is adjusted to 8.0 by the addition of NaOH. 
IM M9CI2 - litre 
Dissolve 203.3 1g magnesium chloride-6 H20 (MgC12-6 H20, MW=203.3 1) in 800ml 
H20, adjust to I litre, autoclaving and then keep in room temperature. 
100bp DNA ladder 
The ladder consists of II double-stranded DNA fragments with sizes of 100,200,300, 
400ý 500ý 600,700,800,900,1,000 and 1,500bp. The 500bp band is present at triple 
the intensity of the other fragments and serves as a reference indicator. All other 
fragments appear with equal intensity on the gel. The 100bp DNA ladder is supplied 
in I OmM Tris-HCL (pH 7.5), 1 mM EDTA. 
2M HEPES free acid (for 10ml) 
HEPES free acid 4.77g, HEPES US 16926-1 00g, nuclease free water to I Oml. Sterilize 
by filtration with a 0.45 micron filter, store at room temperature for up to 3 months. 
2.5M NaOH (for 10ml) 
NaOH I g, add nuclease free water to I Oral. Sterilize by filtration with a 0.45 micron 
filter, store at room temperature for up to 3 months. 
5M NaCl - Ilitre 
Dissolve 292.2g sodium chloride (Nacl, 58.44) in 800ml 
H20, Add H20 to I litre, 
autoclaving, store at room temperature. 
4 
A260Unit of an Oligonucleotide: 20-30ýig/lml H20. 
Purify of DNA: A260/A280 > 1.8 
< 1.8: the preparation is contaminated with protein and aromatic 
substance (e. g. phenol). 
> 2.0: a possible contamination with RNA. 
Agar Plates (recipes for I litre for 40 plates of 90mm, 25ml per-plate) 
Add 15g Bacto-Agar to Ilitre liquid medium and sterilize by autoclaving. Allow the 
medium to cool to 50*C and add the appropriate amount of antibiotic. Gently mix the 
medium by swirling and pour into sterile plates. Flame the surface of the medium in 
the plates with a Bunsen burner to remove air bubbles. Allow the medium to solidity 
and store the dishes at 4C in the inverted position. Store the tetracycline plates in the 
dark. Use a colour code to indicate the type of antibiotic in the plate (e. g. black stripe 
for ampicillin plated blue stripe for kanamycin plate). Before use, incubate plates at 
37*C in the inverted position for I hour to remove condensation within the plate. 
Amplification of DNA 
Sample Handling: Use sterile techniques and always wear fresh gloves. Always use 
new and/or sterilized glassware, plastic-ware and pipettes to prepare the PCR reagents 
and template DNA. Sterilize all reagents and solution by filtration through a 0.22ýM 
filter. Have your own set of PCR reagents and solutions and use them only for PCR 
reaction. Store these reagents in small aliquots. Always include a negative (all 
reaction components without DNA) and a positive control (e. g. a PCR that has been 
successfully used in previous experiments. Laboratory Facilities: Set up physically 
separated working places for template preparation; setting up PCR reactions; post- 
PCR analysis. Use dedicated (PCR use only) pipettes, micro-centrifuges and 
disposable gloves. Use aerosol resistant pipette tips. Set up a PCR reaction under a 
fume hood equipped with UV light. Purity: The purity of the template largely 
influences the outcome of the PCR. Large amounts of RNA in the sample can deplete 
Mg 2+ and reduce the yield of the PCR Impure templates may contain 
inhibitors that 
decrease the efficiency of the reaction. Always use a purification product and/or 
procedure specially designed to purify DNA for PCR reaction. 
The amount of the 
template: The amount of the template in a reaction strongly influences the 
performance of the PCR. The recommended amount of template 
for a standard PCR is: 
5 
Maximum 500ng for human genomic DNA; I-I Ong of bacterial DNA; 0.1-500ng of 
plasmid DNA; The optimal amount of template depends on the application and the 
allowed error rate within the amplified DNA, the lower the amount of template, the 
higher the cycle number and the higher the probability of errors within the amplified 
DNA. Lower amounts of template will require specific reaction modifications like 
changes in cycle numbers, redesign of primer, etc. When testing a new template, 
include a positive control with primers that amplify a product of about the same size 
and produce a good yield. Avoid to dissolving the template in TE buffer, since EDTA 
depletes Mg2+, use 5-IOmM Tris (PH 7-8) instead. Primers: Length 18 to 24 
nucleotides. GC content: 40-60%, with a balanced distribution of G/C and A/T rich 
domains. Contain no internal secondary structure, and are not complementary to each 
other at the 3' ends to avoid primer-dimer forming. Design primers with similar Tm 
values. Optimal annealing temperatures are 5-IOC lower than the Tm values of the 
primers and have to be determined empirically. Design primers as such that an 
annealing temperature of 55-65 V is allowed, for maximum specificity, use 
temperature of 62-72 *C ; the concentration between 0.1 to 0.6ýM are generally 
optimal. Higher concentrations may promote mis-priming and accumulation of non- 
specific products. Lower concentration may be exhausted before the reaction is 
completed, resulting in lower yields of the desired products. Dissolve Iyophilized 
primers in a small volume of 5mM Tris PH7.5 and store at -20 *C - To avoid repeated 
freezing and thawing, prepare small aliquots of lOpmol/[tl for the working solution 
and store at -20'C. When testing new primers, a positive control should 
be applied in 
the reaction with a template that has been tested in PCR. Re-suspend the primer at a 
final concentration of 1.6 mg/ml in sterile water. Then the OD of a 1: 100 dilution 
should be about 0.4.20-mer 1.6mg/ml will be approximately 250ýM. Function of 
Mg 2+ iOnS: Mg2+ ions form soluble complexes with dNTP's and template DNA to 
produce the actual substrate that the polymerase recognizes. The concentration of 
free 
Mg 2+ ions depends on the concentrations of compounds like dNTP's, free 
pyrophosphates (ppi) and EDTA (e. g. from TE buffer). 
These compounds bind to the 
ions via their negative charges. Mg 
2+ concentration should always be higher than the 
concentration of these compounds. The most optimal concentration varies 
from ImM 
to 5mM. The most commonly used M902 concentration 
is 1.5mM, with a dNTP 
concentration of 200ýM each. Excess 
Mg 2+ can increase non-specific primer binding 
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and increase the non-specific background of the reaction. Too little Mg2+ in the 
reaction can result in a lower yield of the desired products. Concentration of dNTP: 
Always use balanced solutions of all 4 dNTP's to minimize the error rate. The final 
concentration of each dNTP should be between 50 and 500[tM, and the most 
commonly used is 200pM. Increase concentration of Mg 2+ when increasing the 
concentration of dNTP's. Increase in dNTP concentration reduces the concentration 
of free Mg2+, thereby interfering with the activity of the polymerase enzyme. For 
carry-over prevention, dTTP is substituted by dUTP, A three times higher of dUTP 
(e. g. 600[tM) compared with the other nucleotides normally results in a good 
amplification. Polymerase: Optimal amount of Polymerase is between 0.5 and 2.5 
[tnits per 50ýil reaction volume. Increased enzyme sometimes leads to decreased 
specificity. The pH of the reaction buffers with DNA polymerase (pH 8.3-9.0) gives 
optimal results, raising the pH may stabilize the template and improve the reaction. 
Reaction Additives: There are the reaction additives can enhance the specificity 
and/or efficiency of a PCR: Betaine (0.5-2M); Bovine Serum albumin (100ng/50gl); 
Dimethylsulfoxide (2-10%, v/v); Glycerol (1-5%, v/v); Pyrophosphatase (0.001-0.1 
units/reaction); Spermidine, Detergents, Gelatine, T4 Gene 32 Protein. Denaturation: 
Normally, heating for 2min at 94-95C is enough to denature complex genomic DNA, 
using a longer denaturation time or higher denaturation temperature for GC rich 
template DNA. Unnecessary long denaturation times decreases the activity of the 
polymerase. Taq DNA polymerase adds approximately 60 bases per second at 95C. 
A 45 second extension is sufficient for fragments up to lkb. As PCR progresses, there 
is more template to amplify and less active enzyme. Most PCR's should only include 
25-35 cycles. As cycle number increases, non-specific products can accumulate. 
Blue/Orange 6X Loading Dye (G190A) 
It supplied with these markers has a composition of 15% Ficoll 400,0.03% 
bromophenol blue, 0.03% xylene cyanol FF, 0.4% orange G, lOmM Tris-HCL (pH 
7.5) and 50mM EDTA. 
Calculation of Molecular Weights of RNA in Dalton 
Average molecular weight (MW) of a ribonucleotide = 340 Da 
(Dalton). MW of 
ssRNA = (number of bases) x (340Da). (e. g. MW of tRNA 
from E. coli (75 bases) = 
7 
25.5 x 103 Da = 25.5 kDa). I A260 Unit of ssRNA = 40gg/ml H20. (OD value should 
lie between 0.1 and 1.0 to ensure an optimal measurement). 
Certain buffer 
The buffers containing such material as glucose, SDS or B-mercapto ethanol should 
not be autoclaved. Use filtration through an 0.22ýtM filter as an alternative. 
Conversion of pg to pmol 
pMol Of joigo = ýtg (of Oligo) X 106 pg/lýtg x Ipmol/330pg x IN = ýtg (of oligo) x 
3030/N. N= number of bases. (e. g. lug of a 20 bases oligo = 151.5 pmol) 
Conversion of pmol to ij g 
Ug of oligo = pmol (of oligo) x 330pg/lpmol xI ýtg/ 106 pg xN= pmol (of oligo) xN 
x 3.3 X10-4 .N= number of bases. (e. g. I pmol of a 20 bases oligo = 0.0066ýtg) 
Conversion of ii M to pmol 
I [d of aXi, M primer solution =X pmol primers. (e. g. given primer solution = 
2.5ýtM, and amount of primers needed for experiment is 2 pmol; lul of a 2.5 ýLM 
primer solution = 2.5pmol, then 2pmol = 0.8ýtl) 
Conversion of pmol to il 
I ýtl of aX pmol/ýd primer solution =X pM primers. (e. g. given primer solution = 20 
pmol/ul, and amount of primers needed for experiment is 5uM, 1 [d of a 20pmol/[tl 
primer solution = 20 [tM primers, 5[tM = 0.25ýtl). 
DEPC 
DEPC is a strong, but not absolute, inhibitor of RNases. It is commonly used at a 
concentration of 0.1% to inactivate RNases on glass or plasticware or to create 
RNaes-free solutions and water. DEPC inactivated RNases by covalent modification. 
Trace amounts of DEPC will modify porcine residues in RNA 
by carbethoxylation. 
Carbethoxylated RNA is translated with very low efficiency in cell-free systems. 
However, its ability to form DNA: RNA or RNA: RNA hybrids 
is not seriously 
affected unless a large fraction of the porcine residues 
have been modified. Residual 
8 
DEPC must always be removed from solutions or vessels by autoclaving or heating to 
I OO'C for 15 minutes. Add 0.1 ml DEPC to I 00ml of the solution to be treated. Shake 
vigorously to bring the DEPC into solution, or let the solution bake for 12 hours at 
37*C, then Autoclave for 15 minutes to remove any trace of DEPC. Many sources of 
distilled water are free of RNase activity. 
DEPC-treatment per 100ml solution 
0.1 -0.2ml diethylpyrocarbonate (DEPC) to I 00ml H20or a solution, shake vigorously 
and incubate overnight in a fume hood. Autoclaving the solution to inactivate the 
remaining DEPC, store at room temperature (wear gloves and use a fume hood when 
using DEPC, which is suspected carcinogen). All chemical substances containing 
amino groups (e. g. Tris, Mops, EDTA, HEPES, etc) can't be treated directly with the 
DEPC, prepare these solutions in DEPC-treated H20- 
Ethidium Bromide-100ml 
Prepare a stock solution of 10mg/ml by adding Ig ethidium bromide to 100ml H20, 
Stir until the dye has complete dissolved, then store in dark at 4"C. Use at 0.5 [tg/ml 
in agarose gel and running buffer is 1/20,000 dilution. Ethidium bromide is a mutagen 
and is toxic. Wear gloves when working with the solution and wear a mask when 
dissolving the powder. 
FOI (frequency of incorporation) 
FOI = dye (pmol/ýil) x 324.5/content (ng/[tl) (The optimal FOI ratio is between 20 and 
50 dye-labelled nucleotides per 1,000 nucleotides) 
Formulas to calculate melting temperature Tm 
System' Formula b Tm(*C) 
DNA -DNA hybrids 
DNA-RNA hybrids 
RNA-RNA hybrids 
81.5C+16.6 log(Na+)+0.41 (%GC)-0.61(%for)-500/N 
79.8C+18.5 log(Na+)+0.58 (%GC)+l 1.8(%GC)--0.50(%for)-820/N 
79.8C + 18.5 log(Na+)+0.58 (%GC)+ I 1.8(%GC)2-0.35(%for)-820/N 
Oligonucleotide 14-25 [2C x (number of A&T bases)] + [4 *C x (number of G&C bases)] 
Oligonucleotide longer than 25 
_ 
See formula for DNA/ DNA hybrids 
I. I--. 
-AýK -1 
a: the proposed fonnula is valid for Na+ concentration between 
0.0 I-OAM and %GC values between 30-75% 
b: [Na+] = concentration of Na+ ions. %GC = percentage of 
G and C nucleotides in the nucleic acid. 
%for = percentage of formamide, in the hybridisation solution. 
N= length of the duplex in base pairs. 
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Growth area and number of Hela cells in various culture dishes 
Flasks- Growth area (cm 2): Number of cells: 
25 3x 106 
75 1x 107 
Growth areas and yields of cells' in culture vessels: 
Cell culture vessel Growth area 
b (CM) Numbers of cells' 
Multi-well 96 wells 0.32-0.6 4x 104 
plates 48 wells I Ix 10 
24 wells 2 2.5 x 10' 
12 wells 4 5x 10' 
6 wells 9.5 1X 106 
Dishes 0 35 mm 8 1x lo, 
0 60 mm 21 2.5 x 106 
0 100 MM 56 7x 10" 
0 145-150 mm _ 145 2x 10' 
Flasks 40-50 ml 25 3x 10" 
250-300 ml 75 1ý 1-0, 
650-750 ml 162-175 2x 10/ 
900 Ml 225 3x 107 
a: such as 3T3, Hela or CHO cells. 
b: per well, if multr-well plates are used, varies slightly depending on supplier. 
c: assuming confluent growth. 
LB 
I Og Bacto-Tryptone, 5g Bacto-Yeast extract and I Og NaCl in 900ml H20, PH to 7.0 
with I OM NaOH (- 200ýtl) to IL with H20, store at room temperature. 
MEM (Minimal Essential Medium) 
FCS: Foetal Calf Serum. Pen +Strep: Penicillin and streptomycin. NEAA: Non- 
essential Amino Acids. NaHC03: Sodium Bicarbonate. 
Molecular Weight (in Dalton) 
MW = (NA x 312.2) + (NG x 328.2) + (NC x 288.2) + (NT x 
303.2) + P. 
Nx = number of residues of respective nucleotide 
in the oligonucleotide. 
P=+ 17 for phosphorylated oligonucleotide. 
P=- 61 for dephosphorylated oligonucleotide. 
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Mole (mol) 
An amount containing Avogadro's number of whatever units are being considered. 
Avogadro's number = 6.023 x 1023 (e. g. Imol H20molecules = 6.023 x 1023 H20 
molecules). 
Molar or Molarity (mol/litre or M) 
Molar is the concentration of a substance in a liquid. Molarity = moles of substance 
Aitre of solution. (e. g. an IM (mol/litre) solution of Tris in H20 is prepared by 
dissolving 1 mol Tris molecules in H20 to a final volume of I litre. ) 
Molar Weight (g/mol) 
Weight of I mol (6.023 x 1023 parts) of a molecule, as defined by the molecular weight 
of this molecule in H20 is prepared by dissolving Imol Tris molecules in H20 to a 
final volume of 1litre. (e. g. Molecular weight of Tris: 121.1g/mol. IM (mol/litre) 
solution of Tris in H20 is prepared by dissolving 12 1.1 g Tris in H20 to a final volume 
of I litre. How many grams of NaOH are needed to make up aI 00ml solution of 5M 
NaOH (= 5mol/L). Needed grams = Concentration x Molecular Weight x Final 
Volume = 5mol/litre x 40g/mol x 0.1 litre = 20g. ) 
Nucleotide Ambiguity Code 
Code Represents Complement 
A Adenosine T 
G Gnanine c 
c Cytosine G 
T Thymidine A 
y Pyrimidine (C&T) R 
R Purine (A&G) y 
W Weak (A&T) W 
s Strong (G&C) s 
K Keto (T&G) m 
m Amino (C&A) K 
D Not C H 
v Not T B 
H Not G 
B Not A v 
X/N Unknown X/N 
Nucleic acid content in mammalian cells (typical 
human cell) 
Cell Data Per Cell 
Total DNA 6 pg 
Total RNA 10-30 pg 
Proportion of total RNA in 14% 
nucleus 
II 
Cell Data Per Cell Per litre culture 
MI) 
Wet weiRht 
- 
52_ýL 
-2- 
950 mg 
Dry weight 280 fg 280 mg 
Total Protein 155 fg 155 mg 
Total genomic 
DNA 
17 fg 17 mg 
Total RNA 100 fg 100 mg 
Volume 1. l5uN! 3ýý I 
icolitre 
Intracellular 
Protein 
concentration 
135 ug/ml 
Pure RNA: A260/A280 ?: 2.0: 
A26o/A28o ratio is influenced by pH. RNA has a ratio of 1.9-2.1 in aI OmM Tris buffer. 
An A26o/A280 smaller than 2.0 means that it is contaminated with proteins and 
aromatic substance (e. g. phenol) 
PH Measurement 
The PH electrode needs to be fixed in a vertical position. When adjusting the PH, the 
solution needs to be gently stirred. Never put the electrode in solutions containing 
SDS. Periodically calibrate the electrode with at least two calibration solutions. Store 
the PH electrode in solution, keep the diaphragm wet and make sure that there is 
always solution inside the electrode. Clean the PH electrode with distilled water after 
usage. The PH of most solution is temperature-dependent: 5C: PH of a 0.05M Tris 
solution = 8.07; 25*C: PH of a 0.05M Tris solution = 7.50; 37C: PH of a 0.05M Tris 
solution = 7.22. 
RCF 1.12 xR (rpm/1 000)2 
Rpm revolutions per minute of rotor. 
RCF relative centrifugal force. 
R= radius of rotor in mm at room temperature. 
Restriction Endonuclease 
One unit of restriction endonuclease is the amount of enzyme required 
to completely 
digest lug substrate DNA in 60min at the appropriate assay conditions as stated 
for 
each restriction enzyme. 
Restriction Enzymes' Inactivation and Removal 
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Inactivation: Via heat treatment (75 *C, lhour) or be inactivated by adding 0.5M 
EDTA (pH 8.0) to a final concentration of lOmM. Removal: Via extract the sample 
with phenol/ chloroform and once with chloroform or via silica absorption. 
RNA handling 
General handling: Ribonucleases (RNases) are very stable and active enzymes that 
generally do not require cofactors to function. Since RNases are difficult to inactivate 
and only minute amounts are sufficient to destroy RNA. Proper microbiological, 
aseptic technique should always be used when working with RNA. Hands and dust 
particles may carry bacteria and molds and are the most common sources of RNase 
contamination. Always wear latex or vinyl gloves while handling reagents and RNA 
samples to prevent RNases contamination from the surface of the skin or from dusty 
laboratory equipment. Change gloves frequently and keep tubes closed whenever 
possible. Glassware used for RNA work: The use of sterile, disposable 
polypropylene tubes is recommended throughout the procedure. The glassware used 
should be cleaned with detergent, thoroughly rinsed, and oven baked at >240'C for 
four or more hours (overnight, if more convenient) before use. Autoclaving alone will 
not fully inactivate many RNases. Oven baking will inactivate ribonucleases. 
Alternatively, glassware can be treated with DEPC (diethylpyrocarbonate). Rinse the 
glassware with 0.1% DEPC (0.1% in water) overnight (12 hours) at 37C, and then 
autoclave or heat to 100 *C for 15 minutes to remove residual DEPC. Solutions: Water 
and other solutions should be treated with 0.1% DEPC. DEPC will react with primary 
amines and cannot be used directly to treat Tris buffers. DEPC is highly unstable in 
the presence of Tris buffers and decomposes rapidly into ethanol and C02. When 
preparing Tris buffers treat water with DEPC first, and then dissolve Tris to make the 
appropriate buffer. A260/A28o ratio: the A260/A280 ratio is influenced considerably 
by 
PH. Since water is not buffered, the PH and the resulting A26o/A28o ratio can vary 
greatly. Lower PH results in a lower A260/A28o ratio and reduced sensitivity 
to protein 
contamination. Recommend measuring absorbance 
in lOmM Tris-Cl, PH 7.5, pure 
RNA has an A26o/A28o ratio of 1.9-2.1 in 10mM Tris. Cl, PH 7.5. 
Bands on gel: if the 
ribosomal bands in a given lane are not sharp, 
but appear as a smear of smaller sized 
RNAs; it is likely that the RNA sample suffered major degradation during preparation. 
Reverse Transcription 
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Primers affect the size and specificity of the cDNA product. There are three types of 
primers: Oligo(dT)12-18: Binds to the endogenous poly(A)+ tail at the 3'end of 
mammalian mRNA's, most often used to produce full length cDNA. Random 
Hexanucleotides: Binds to the mRNA at a variety of complementary sites and lead to 
partial length (short) cDNA's. It may be ideal for overcoming the difficulties 
presented by extensive secondary structures in the template, may also transcribe more 
efficiently 5' regions of the mRNA. Specific Oligonucleotide Primer: Selectively 
primes the mRNA of interest has been used very successfully in diagnostic assays. 
RNase H Activity: AMV and M-MuLV reverse transcriptase have RNase H activity. 
This activity will specifically degrade RNA in a RNA: cDNA hybrid and this can be 
detrimental if degradation of template RNA competes with DNA synthesis during 
production of first-strand cDNA. M-MuLV has lower RNase H activity than AMV 
reverse transcriptase. Temperature Optima: higher incubation temperatures help to 
eliminate problems of template secondary structures. High temperature improves the 
specificity of reverse transcription by decreasing false priming. Thermoactive reverse 
transcriptases that can be incubated at higher temperatures (50-70*C) are more likely 
to produce copies of mRNA, especially if the template has a high GC content. Use 
only specific primers at high temperature, do not use oligo(dT) or random hexamer 
primers. 
Top agar overlay 
Add 7g Bacto-Agar to I litre liquid medium and sterilize by autoclaving. 
X-gal (20mg/ml)-20ml 
400mg 5 -Bromo-4-Chloro-3 -Indoly I -B-D-galacto side 
(x-gal) in 20ml, N, N'-dimethyl 
formamide. Divide into 500[tl aliquote and store in a glass or polypropylene tube 
protected from light at -20'C stable for 2-4 months. 
X-gal/IPTG indicator plates 
Before pouring the plates, add 2ml of IPTG stock solution 
(0.1 M)-final concentration 
0.2mM; 2ml of X-gal stock solution (20mg/ml) - final concentration 
40ýig/ml. 
Some useful website for the reference: 
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Software about primer design: 
www. ebi. ac. uk/biocat/biocat. html. 
www. norp5424b. hsc. usc. edu/genetools. html 
Primer design for cycle sequencing: 
www. biotech. iastate. edu/facilities/DSSF/-Primer design. html 
Degenerate primer design strategy: 
www. dartmouth. edulartscilbiolambrosl-protocolslotherlkoelleldegenerate-PCR. htmI 
Calculating Tm for a given primer: 
http: //biochem. roche. com/benchmate 
EPA's Safe Drinking Water Hotline: 
htti): //www. epa. jzov/safewater. 
CDC's DPD drinking water website: 
http: //www. cdc. jzov/ncidod/dpd/healthywater/index. htm. 
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